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(54) SLIDING SHEET TYPE OF VARIABLE-TEETH GEAR

(57) A variable-tooth gear with SSFT pertains to the
technical fields of gearing, and variable mechanical
transmissions. The variable-tooth gear is designed in ac-
cordance with "the principle of configuring variable-teeth
through universally shaped SSs". The working surface
is composed of a large number of thin SSs (sliding-nee-
dles) superposed on one another. The meshing tooth
profiles of arbitrary shapes can be configured by the free
and infinite sliding of the SSs. Since the direction of slid-
ing of the SSs is different from the direction of forces
acting thereupon, the SSs can freely deform with the cur-
rent tooth profiles. The direction of the force acting upon
the SS when transmitting power is perpendicular to the
free-sliding direction, or the angle therebetween is within

the equivalent friction angle, therefore the SS possesses
the self-locking property. The tooth profile thus remains
unchanged when the SSs are under stress. All the SSs
form an integrally closed elastic enclosure ring, possess-
ing the effect of "rigidity and flexibility being combined,
variable-tooth being fixed". Therefore the load capacity
is high, the transmission is a one-stage transmission and
the transmission efficiency is high. There are only two
key components, such that the structure is simple, the
cost is low and the size is compact. This variable-tooth
gear realizes, to the core, the concept of "continuously
variable transmission via gear meshing", and can be ap-
plied to vehicles or industrial fields of high speed and
large power.
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Description

Field of the Invention

[0001] The present invention relates to the technical
fields of gearing, and the design and manufacture of con-
tinuously variable mechanical transmissions.

Related Art of the Invention

[0002] Gearing is the most widely used transmission
mechanism in current machinery. Gearing has such ad-
vantages as being capable of keeping constant the in-
stant angular velocity ratio between two gears; maintain-
ing a large range of transmission power, varying from
several hundredths to hundred of thousands of kilowatts;
a large range of applicable circumferential velocities, var-
ying from a very low level up to 300 m/s; a high trans-
mission efficiency, with the primary transmission efficien-
cy as high as 98~99%; and a long life endurance. How-
ever, its manufacturing and installation should be of high
accuracy. More significantly, its transmission ratio is a
constant value so as to make continuously variable shift-
ing impossible. Current mechanical CVTs (continuously
variable transmissions) generally employ frictional driv-
ing. These transmissions have the following disadvan-
tages in general, (1) it is hardly possible to achieve an
output of ultra low rotary speed, and the range of speed
shifting is relatively narrow; (2) the transmission torque
is small and the transmission power is not quite large;
(3) low load capacity, and low resistance to overload and
impact; (4) high requirements on the manufacture and
lubrication of the components, with the components be-
ing of short life endurance, with complex designs and
processes and high manufacture costs; (5) high sliding
ratio and low mechanical efficiency; with some of them
being even present with the phenomena of discontinuous
pulse outputs and power flows. As far as the prior art is
concerned, all CVTs of the friction type need large normal
pressing forces to transmit power, thereby increasing the
loads to each bearing; there exists significant elastic slid-
ing and geometrical sliding among transmission bodies;
efficient contact surfaces for power transmitting, theoret-
ically being line contact or point contact, are small, so as
to cause large local stresses, and even to cause the work-
ing surfaces to be abraded or be stuck in serious cases;
the transmission efficiency is low and the transmitting
power is limited; and their service life are short. Currently,
the CVT based on slidable-sheet (SS) formed chain is
the only chain-type CVT that employs a grooved sprocket
(tooth-type sprocket) and a SS formed chain to transmit
power via a quasi-meshing manner. This approach is dif-
ferent from both the meshing transmission and friction
transmission, however it is an intervenient quasi-mesh-
ing transmission manner. It has many advantages, for
example, low sliding ratio, accurate transmission, high
resistance to wearing and impact, etc. However, the
chain of this type suffers from high manufacture cost, and

it has large mass, which impedes the efforts to increase
the operation velocity even further. In addition, the poly-
gon-effect of the chain transmission may cause pulses
in the output velocity. A pulse-type CVT employs a geo-
metrically closed lower pair structure, works reliably, and
has a high load capacity and a stable shifting perform-
ance. Furthermore, its transmission ratio ranges widely,
with the minimal rotary speed output being substantially
zero. The shifting operation can be performed at the rest
condition or under the operation state. In addition, it is of
a simple structure and a compact size, and its manufac-
ture cost is also low. However, the current pulse-type
CVT suffers from several serious weaknesses which limit
its further application to even wider fields, i.e., (I) pulses
in the output make it not suitable for applications that
require high output uniformity. Even though pulses may
be suppressed via multiple-phase superimposing and
the assistant cooperation from an overrunning clutch,
and the pulse level at the output end may be significantly
reduced as compared to the theoretic results due to the
inertial factor of the entire operation system and the over-
running effect from the overrunning clutch, this is merely
a superficial phenomenon. The actual power flow trans-
mission is still output in the form of pulses at intervals,
conforming to the theoretic results. The discontinuous-
ness in this power flow is a main factor contributing to
the low efficiency of the pulse-type CVT. (II) The recip-
rocating mechanism in the pulse-type CVT prevents it
from being applied in the field of high speed. The vibration
resulting from the unbalanced inertial forces and inertial
torques will considerably increase at high speeds, and
the resulting dynamic load is a main reason leading to
low mechanic efficiency. (III) As the only mechanism for
friction transmission in the whole system, the overrunning
clutch, which is the output mechanism, presents as well
a series of corresponding drawbacks arising from friction
transmission, and therefore is the weakest part in the
dynamic link of the whole system. The relatively low load
capacity and low resistance to impact prevent the pulse-
type CVT from being applied to fields of large power, high
efficiency and high speed. (IV) The multiple-phase struc-
ture provided to reduce the pulse level will cause exces-
sive redundant restrictions in the system, which makes
the machine sensitive to the error and working environ-
ment, decreases the efficiency and increases the dynam-
ic load. The increased phases also cause a complex
mechanism, a complicate installation and adjustment
process, with failure rate and cost being increased.

Summary of the Invention

[0003] With regard to this, the main object of the in-
vention is to provide a variable-tooth gear with slidable-
sheet formed teeth (SSFT), which has characteristics of
large load capacity, high transmission efficiency, simple
structure, low cost and compactness. This variable-tooth
gear realizes, to the core, the concept of "continuously
variable transmission via gear meshing", and can be
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widely applied to vehicles or industrial fields of high speed
and large power.
[0004] A further object of the invention is to provide a
variable-tooth rack with SSFT, which has characteristics
of large load capacity, high transmission efficiency, sim-
ple structure, low cost and compactness. This variable-
tooth rack realizes in deed the concept of "continuously
variable transmission via rack meshing", and can be
widely applied to vehicles or industrial fields of high speed
and large power.
[0005] To fulfill the above objects, the technical solu-
tion of the invention is carried out in ways specified as
follows:
[0006] The invention discloses an infinitely meshing
variable-tooth gear with SSFT, characterized in that, it
consists of a gear body and a plurality of SSs provided
in the gear body; wherein the SSs can freely slide so as
to form a tooth profile of any shape.
[0007] At least one SS holder is provided in the gear
body of the variable-tooth, and the SS holder is a support
SS holder or a fill SS holder; and according to its arrange-
ment manner, the SS holder is classified into a spaced
type or a continuous type, where the spaced type is con-
stituted by the SSs being arranged at intervals, and the
continuous type consists of alternately arranged support
SS holders and fill SS holders;

said SSs are arranged in the SS holders; a SS as-
sembly is at least formed by a ring of SS groups that
are classified into the spaced type and the continu-
ous type; the ring of SS groups consists of a plurality
of SS groups each being formed by a plurality of
effect-equivalent SSs attached together; rings of SS
groups comprise a spaced type ring of SS groups,
wherein each SS group consists of SSs of the same
type, and a continuous type ring of SS groups, which
is formed by combining alternately arranged SSs of
different types, including "the support SS groups"
and "the fill SS groups"; the SSs comprise support
SSs and fill SSs, respectively placed in support SS
holders and fill SS holders disposed alternately,
thereby constituting a complete ring of SS groups
having independent function, and the same variable-
tooth gear having a plurality of rings of SS groups is
referred to as a multiple-ring variable-tooth gear; the
SSs can freely move within a certain range in the
respective SS holders, and the tooth profile of any
shape can be formed by the free movement of the
SSs;
the sliding trajectory of the SSs can be classified into
a type of returning in a same direction and a type of
returning in an oblique direction; can be classified
into a spur SS type and a bevel SS type, according
to the arrangement orientation of the SSs; can be
classified into an outside support type, an outside
interaction crossing support type, a central support
type, a central interaction crossing support type, an
outside and central double support type, and an out-

side and central interaction crossing support type,
according to the embedding and inserting manner
of the SSs into the gear body and the manner of the
gear body with respect to position, support and stop
of the SSs; can be classified into returning types via
gravity, attraction force, repellent force, elastic force,
spring force, electromagnetic force, centrifugal
force, inertial force, hydraulic pressure, gas pres-
sure, flow impact force from gas and liquid, etc., ac-
cording to the types and forms of the returning driving
forces acting on the SSs; and can be classified into
free returning SSs and passive returning SSs;
the constraining device for the SSs is stop legs 25
for the SSs or is an outer constraining ring 23, where-
in there can be one or two stop legs for the SS; the
stop leg for a SS is of a convex type or a concave
type, alternatively, a constraining ring, string or rod
can be inserted through a hole which is punched in
a SS to carry out constraining;
the variable-tooth gear can be classified into a
spaced type variable-tooth gear and a continuous
type variable-tooth gear according to the arrange-
ment of SS groups in a ring of SS groups; can be
classified into a single-ring variable-tooth gear and
a multiple-ring variable-tooth gear according to the
number of the rings of SS groups contained in one
single gear; can be classified into a variable-tooth
gear of a returning in a same direction type and a
returning in an oblique direction type according to
the sliding trajectories of the SSs; can be classified
into a spur SS variable-tooth gear and a bevel SS
variable-tooth gear according to the properties of the
profiles of the SS meshing teeth; and can be classi-
fied into a combination type, a layered combination
type and a single-piece type according to the struc-
ture of the gear body;
said infinitely meshing variable-tooth gear with SSFT
is a variable-tooth cylindrical gear configured by su-
perposing two halves, each half consisting of re-
straining wall surfaces for support SSs and fill SSs,
positioning and supporting stop bosses, centrifuge-
restraining wall surfaces for SSs, SS retracting seat
restraining surfaces, and a superposing surface of
a wheel and a disc, etc. the two halves constituting
a complete gear body when superposed to each oth-
er, and the SS restraining wall surfaces, the posi-
tioning and supporting stop bosses, the centrifuge-
restraining wall surfaces for SSs, and the SS retract-
ing seat restraining surfaces being superposed so
as to form a ring of SS holders;
alternatively, said infinitely meshing variable-tooth
gear with SSFT is a variable-tooth conic gear con-
figured by a variable-tooth conic gear body 39 and
an assistant wheel body I, two rings of SS groups
being symmetrically arranged on both sides of the
variable-tooth conic gear body 39, with the ring of
SS groups being composed of the SSs specialized
for the variable-tooth conic gear, each of the two
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sides of the variable-tooth conic gear and one as-
sistant wheel body I in combination forming a ring of
SS holders, in which a ring of SS groups is disposed;
or, the variable-tooth conic gear is composed of a
variable-tooth conic gear body of a vane wheel
shape and an assistant wheel body II, the SSs em-
ploying SSs of the type in which both sides integrally
operate; or, the variable-tooth conic gear can be dis-
pensed with one of its two symmetric halves to form
a variable-tooth conic gear of a single-ring bevel
type;
alternatively, said infinitely meshing variable-tooth
gear with SSFT is a multiple-ring variable-tooth conic
gear comprising a multiple-ring variable-tooth gear
62, a wheel basic body 63 and a SS assembly; the
SS assembly is a SS assembly of a multiple-ring
spaced type, with all SSs being the single and same
type of SSs specialized for the variable-tooth conic
gear, the SSs of the same type being arranged at
intervals to form a ring of SS groups, a plurality of
rings of SS groups of different radii constituting the
whole SS assembly of a multiple-ring spaced type;
wherein the SSs can be regularly arranged or ar-
ranged in a staggered manner;
alternatively, the multiple-ring variable-tooth conic
gear is of a structure of a layered combination type,
being composed by combining a plurality of layered
wheel bodies and a wheel base body II; the layered
wheel bodies can be classified into the wheel body
specialized for the SSs with two stop legs and the
wheel body specialized for the SSs with one stop leg;
alternatively, the multiple-ring variable-tooth conic
gear is of a one-piece structure, installation holes 72
for embedding the SS holders are trepanned at the
positions of its working surfaces corresponding to
the arrangement locations of the SS groups, the SS
groups are fitted in groups into each separate free
SS holder 71, the free SS holders 71 are fitted into
the installation holes 72 for embedding the SS hold-
ers, either by means of interference fitting, thermal
fitting or weld fitting; or by means of thread fitting,
the screw coupling surfaces of the SS holders 71
and the installation holes 72 are threaded surface;
the installation holes 72 can be quadrate holes or
circular holes; or by means of clearance fitting, the
returning trajectories of the SSs can be a type of
"returning in a same direction" or a type of "returning
in an oblique direction";
alternatively, the multiple-ring variable-tooth conic
gear can employ a principle of arranging the wide
and narrow SSs in a staggered manner so as to
densely arrange the SSs throughout the disc;
the variable-tooth conic gear of a small taper can be
classified into a parted type structure and a one-
piece type structure, comprising a continuous type,
wherein the SS groups are superposed without gap
therebetween and the rings of SS groups are com-
posed by alternatively arranging the same type of

SS groups at intervals; and a spaced type, wherein
there are gaps between the SS groups and the rings
of SS groups contain SS groups of the same type;
"a staggered relaying" manner or a non-staggered
manner can be employed to arrange the SSs; or the
variable-tooth conic gear of a small taper takes a
structure of "one-piece multiple-ring variable-tooth
gear", installation holes for embedding the SS hold-
ers are trepanned at the positions of its working sur-
faces corresponding to the arrangement locations of
SS groups, the SS groups are fitted in groups into
each separate free SS holder, and the free SS hold-
ers are fitted into the installation holes for embedding
the SS holders;
a variable-tooth flat disc gear of the type of returning
in an oblique direction is composed by a variable-
tooth gear body of the type of returning in an oblique
direction, and an assistant flat disc wheel body of
the type of returning in an oblique direction; the re-
turning trajectories of the SSs are arranged to form
an angle with the direction of the returning forces;
a variable-tooth inner conic disc gear of the type of
returning in an oblique direction is composed by a
variable-tooth gear body of the type of returning in
an oblique direction and an assistant inner conic
wheel body of the type of returning in an oblique di-
rection; the returning trajectories of the SSs are ar-
ranged to form an angle with the direction of the re-
turning forces;
a single-ring SS wheel of the type returning via elastic
force: through channels are made on the flat disc to
form a single-ring SS holder ring into which SSs are
disposed;
a multiple-ring SS wheel of the type returning via
elastic force: through channels are made on the flat
disc to form multiple-ring SS holder rings into which
SSs are disposed;
a multiple-ring SS conic wheel of the type returning
via elastic force: through channels are made on the
double-sided conic disc to form multiple-ring SS
holder rings into which SSs or sliding-needles are
disposed;
the arrangement of the SS holders can be a normal
type and a staggered relaying type;
alternatively: sliding-needles are disposed in the SS
holders (may also referred to as sliding-needle hold-
ers) which can be rectangular, circular or sector in
shape;
the constraining wall surfaces and the positioning
and supporting stop bosses of all the variable-tooth
gears and the SS wheel bodies are of an outside
support type, an outside interaction crossing support
type, a central support type, a central interaction
crossing support type, an outside and central double
support type, or an outside and central interaction
crossing support type.

[0008] A SS variable-tooth gear can mesh with a disc
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having convex teeth and concave grooves for meshing
and a tooth-and-groove bench to implement infinitely
meshing transmission and realize continuously variable
shifting and continuously clutching, so as to manufacture
a CVT and a SS clutch;

its key components include an infinitely meshing var-
iable-tooth gear with SSs, a tooth-and-groove wheel
and a tooth-and-groove meshing ring,
a CVT with a variable-tooth cylindrical gear: the input
shaft is coupled to the tooth-and-groove wheel, the
variable-tooth gear is coupled to an output shaft via
guiding splines or splines, the variable-tooth gear
can freely move in the axial direction while transmit-
ting torques, thereby continuously varying the mesh-
ing radius with the tooth-and-groove wheel to per-
form continuously variable transmission; an electro-
magnet or a permanent magnet can be provided on
the tooth-and-groove wheel disc or at a place corre-
sponding thereto so as to induce magnetic forces
onto the SSs to make them return, or a permanent
magnet or an electromagnet can be provided inside
the variable-tooth gear, all SSs are permanently
magnetized or electro-magnetized so as to be
moved outwards via repellent forces to implement
returning; alternatively, returning can be performed
via the magnetic induction interactions between the
magnetic field and the inducing current induced by
the movement of SSs in the magnetic field (or alter-
nate electromagnet field); alternatively, the genera-
tion device which generates the returning driving
forces for SSs can be stationary and does not par-
ticipate in motion, the electromagnet itself can be
stationary and does not follow the tooth-and-groove
disc to move, the SSs can be attracted to return by
magnetic induction; (as for returning via electromag-
netic forces) the design radial dimension of free cen-
trifugal returning at the state of SSs separating from
the gear wheel can be larger than, equal to, or small-
er than the returning radial dimension when meshing
with the tooth-and-groove wheel; a central recess 9
can be provided at the center of the tooth-and-groove
wheel; the distance between the grooves of the
tooth-and-groove wheel can be or can not be a mul-
tiple of the distance between the SS groups; a lubri-
cant hole (or a lubricant slit) can be provided on the
wheel body, the inside of the wheel body can also
be designed as a structure of a centrifugal pump, a
friction traction ring 22 can be provided at the outer
edge of the variable-tooth gear, the friction traction
ring can be made of elastic materials such as rubber;
an non-closed outer constraining ring for SSs 23 can
be disposed on the outer circumference of the vari-
able-tooth gear, an arc-shaped transition guiding
zone 24 can be designed in the direction that faces
the SSs’ rotations into the constraining ring so as to
improve the operation reliability, now the SSs can
be dispensed with the stop legs, the SSs can also

be replaced by sliding-needles; alternatively, a
stress-suppressing pad layer 26 can be attached to
the bottom of the concave grooves of the tooth-and-
groove disc, which pad is generally made of elastic
and soft filling materials, such as spray coating rub-
ber materials, etc.;
a multiple-shift speed transmission with a variable-
tooth cylindrical gear, characterized in that , the
tooth-and-groove disc is of the type specialized for
stepped transmission, after the pattern of teeth and
grooves are optimized for each segment and for
each step, the distribution of the tooth profiles of the
tooth-and-groove disc is made regular, shuttle-
shaped teeth can be staggered or uniformly ar-
ranged in the radial direction; or a shuttle-shaped
gear 30 can replace the SS variable-tooth gear to
implement meshing transmission via fixed meshing
teeth with a shuttle-shaped toothed disc 31;
a constant mesh multiple-speed transmission com-
prises a concentric toothed disc with multiple cones
32, transmission shaft 33, conic gear 34, a reverse-
shifting gear 35, the concentric toothed disc with mul-
tiple cones 32 is configured by concentrically arrang-
ing a plurality of conic gears of different radii, the
conic gear at each radius has its respective conic
gear which keeps constant mesh therewith, a syn-
chronous meshing shifting manner containing a syn-
chronizer locking ring and a coupling sleeve, or an
electronically or hydraulically controlled clutch, or the
shifting device of the SS clutch in this patent is em-
ployed by the conic gear and its respective transmis-
sion shaft to implement stepped or automatic speed
shifting;
alternatively, in a combination design of multiple-
phase sets a parallel coupling can be employed to
increase power, or a series coupling can be em-
ployed to increase transmission ratio; the multiple-
phase variable-tooth gear arranged in the manner
of parallel coupling can be distributed according to
the progressive differential principle; the two sides
of the SS variable-tooth gear can mesh with the
tooth-and-groove disc so as to output power in shunt;
or a type with a single tooth-and-groove disc and
transmitting at both sides of the variable-tooth gear
can be employed;
a CVT with variable-tooth conic gear: its key com-
ponents include conic disc tooth-and-groove wheels
42 and a variable-tooth conic gear 43; other compo-
nents include a shifting lever 44, a sun gear 45, a
planet gear 46 and the like, an output shaft is fixedly
coupled to the conic disc tooth-and-groove wheel to
introduce power flow, two conic disc tooth-and-
groove wheels are symmetrically disposed to sand-
wich a double-ring variable-tooth conic gear there-
between, the two conic disc tooth-and-groove
wheels mesh with the double rings of the SSs of the
variable-tooth conic gear, respectively, so as to im-
plement meshing transmission to output power; the
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variable-tooth conic gear and the planet gear 46 are
concentrically fixedly coupled, and are coupled to a
planet bracket via a rotary pair, the rotary axis of the
planet bracket is concentric with the sun gear and
the output shaft, the planet gear meshes with the
sun gear, and the sun gear is fixedly coupled to the
output shaft;
alternatively: the conic tooth-and-groove wheels
serve as "a shifting and displacing wheel" fixedly
coupled to the planet gear;
alternatively: the shifting assistant mechanism can
be of other types;
alternatively: the variable-tooth conic gear is re-
placed with a variable-tooth flat disc gear of the ob-
lique returning type, the conic disc tooth-and-groove
wheels are replaced with flat disc tooth-and-groove
wheels; the meshing type therebetween can be of
an inner meshing type or an outer meshing type;
the pressing force between the tooth-ant-groove
wheels and the variable-tooth gear can be very small
or even nil; or the tooth-and-groove wheels and the
variable-tooth gear do not contact with each other,
with spacing therebetween, and the meshing trans-
mission is completely implemented by returning
SSs;
alternatively: a structure of a single conic disc tooth-
and-groove wheel and a single-ring variable-tooth
conic gear, or an arrangement of "two variable-tooth
conic gears sandwiching the double-sided conic disc
tooth-and-groove wheels in the opposite directions"
can be employed to perform transmission;
a planet conic disc variable-tooth gear CVT: the con-
ic disc tooth-and-groove wheel 42 serves as a sun
gear, with a plurality of variable-tooth conic gears
arranged on its circumference as planet gears, the
outer sides thereof mesh with a large tooth-and-
groove wheel of an inner meshing type 48, so as to
constitute a transmission structure of a planet conic
disc type; in addition, an inner meshing single-stage
transmission can also be employed, with the varia-
ble-tooth conic gear 43 meshing with the large tooth-
and-groove wheel of the inner meshing type 48;
the shifting and transmission structure of the varia-
ble-tooth gear can be: a variable-tooth conic gear
meshing with a tooth-and-groove wheel of an inner
meshing type to implement transmission; a variable-
tooth conic gear meshing with a tooth-and-groove
wheel of an outer meshing type to implement trans-
mission; an oblique returning variable-tooth gear of
a flat disc type meshing with a tooth-and-groove
wheel of an outer meshing type to implement trans-
mission; an oblique returning variable-tooth gear of
an inner conic disc type meshing with a tooth-and-
groove wheel of an outer meshing type to implement
transmission; a tooth-and-groove wheel of a flat disc
type meshing with a variable-tooth conic gear; a var-
iable-tooth conic gear with a small taper meshing
with a tooth-and-groove wheel of an outer meshing

type to implement transmission, wherein: B in the
meshing manner of the variable-tooth conic gear with
the tooth-and-groove wheel, the meshing curvature
and orientation match; a conic disc tooth-and-groove
wheel with a small taper meshing with a variable-
tooth conic gear; wherein the conic disc tooth-and-
groove wheel with a small taper is a hollow tooth-
and-groove wheel having meshing teeth and
grooves on the inner and outer conic surfaces, and
can mesh in the inner side with the variable-tooth
conic gear or mesh in the outer side with the variable-
tooth conic gear;
a multiple-disc type transmission: by alternatively su-
perposing a plurality of variable-tooth conic gears
with large tapers and the tooth-and-groove wheels
of large tapers, their meshing points can be designed
in accordance with the progressive differential prin-
ciple;
alternatively: the generation device which generates
the returning driving forces for SSs can be stationary
and does not participate in motion, for example: the
electromagnet itself can be stationary and does not
follow the tooth-and-groove disc to move, and the
SSs can be attracted to return by magnetic induction;
a belt type CVT with a multiple-ring variable-tooth
conic gear: being composed of two pairs of multiple-
ring variable-tooth conic gears, the rotational shafts
of which are parallel, with sandwiching a driving belt,
the distance between the convex and concave
meshing grooves of the driving belt and the distance
between the SS groups can be designed in accord-
ance with "the progressive differential principle";
a belt CVT of returning via elastic nipping force type:
the SS holders are formed by making through chan-
nels on the double-sided conic disc, a multiple-ring
SS conic wheel of returning via an elastic force type
is formed by placing the SSs or sliding needles into
the holders, these holders are arranged by dispos-
ing, according to the principle of the convex and con-
cave portions opposing each other, two belts with
opposing teeth and grooves arranged on the two
working side surfaces thereof, in the way that the
driving belts’ convex teeth and concave grooves are
opposed to each other, the SSs are urged to slide
transversely, and therefore implement returning via
elastic forces, so as to implement the meshing trans-
mission of the conic wheel and the belt; the overall
layout of the conic wheel and the driving belts: the
two driving belts are stretched by the two set of SS
conic wheel assemblies, the rotation shaft of which
are parallel, to implement power transmission, each
set of SS conic wheel assembly comprises a double-
sided conic disc, two support conic discs, and the
driving belt consists of two clipping tooth-and-groove
belts with convex teeth and concave grooves ar-
ranged on the working side surfaces thereof;
a wheel CVT of returning via elastic nipping force
type: consists of a pair of conic disc tooth-and-groove
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wheels and a single-ring SS wheel of returning via
elastic force type sandwiched by the opposing con-
vex teeth and concave grooves of the conic disc
tooth-and-groove wheels, the single-ring SS wheel
of returning via elastic force type comprises a SS
wheel body for translations, fill SSs of returning via
elastic force type and support SSs of returning via
elastic force type; and it can be classified into an
inner meshing type and an outer meshing type;
a transmission in which the flat disc type tooth-and-
groove wheel oppositely clips SSs of returning via
elastic force type: comprises a pair of flat disc tooth-
and-groove wheels and a single-ring SS wheel of
returning via elastic force type, with the single-ring
SS wheel being sandwiched by the opposing convex
teeth and concave grooves;
transmissions of a small taper variable-tooth conic
gear series: the input variable-tooth conic gear and
the output variable-tooth conic gear are arranged
conversely, the two variable-tooth conic gears are
coupled by an inner meshing cylindrical tooth-and-
groove ring with meshing teeth and grooves on the
inner surface to implement infinitely shifting; or, the
two variable-tooth conic gears are coupled by a conic
tooth-and-groove ring with meshing teeth and
grooves on both the inner and outer surfaces to im-
plement continuously variable shifting; or: the two
variable-tooth conic gears are coupled by an inner
meshing cylindrical tooth-and-groove ring with
meshing teeth and grooves on both the inner and
the outer surfaces to implement continuously varia-
ble shifting;
alternatively: the input variable-tooth conic gear and
the output variable-tooth conic gear are arranged in
the same direction, the type of an intermediate mem-
ber can implement transmission via a rigid conic
toothed ring of inner meshing type, and can also im-
plement transmission via a flexible belt, for example,
via meshing of the driving belt with meshing teeth
and grooves on the inner surface thereof with the
two variable-tooth conic gears to implement trans-
mission;
alternatively: a one-stage direct transmission type
can be employed, which is a type without any inter-
mediate member; transmission is performed via di-
rectly meshing of the variable-tooth conic gear hav-
ing a small taper with the rigid tooth-and-groove ring;
a variable-tooth rotary shaft roller gear CVT compris-
es: key components: a variable-tooth cylindrical
gear , a rotary shaft roller wheel; and assistant com-
ponents: a fixing bracket, a revolution bracket, a
planet conic gear, a sun conic gear and the related
components; the variable-tooth cylindrical gear is
coupled to the output shaft, and is fitted on the fixing
bracket; the rotary shaft roller wheel and the planet
conic wheel 116 are coupled to the output shaft 33,
and are fitted on the rotatable bracket , the planet
conic wheel 116 meshes with the sun conic gear

117, the sun conic gear is coupled to the input shaft;
as the shifting lever 44 is turned, the whole revolution
bracket will rotate around the axis of the input shaft,
at which time the planet conic gear rotates around
the sun conic gear, but the meshing state therebe-
tween can be always maintained so as to transmit
the torque of the input shaft to the rotary shaft roller
wheel, due to the rotations of the revolution bracket,
the angle between the rotation axes of the rotary
shaft roller wheel and the variable-tooth cylindrical
gear is changed, so that the transmission ratio var-
ies;
alternatively: a rotary shaft roller wheel of the type
in which the density of the rollers can be changed
can be employed, the density/number of the rollers
can be changed according to changes of the trans-
mission ratio, all rollers come into operation at high
speeds, and the number of rollers that operate at low
speeds is reduced to half of the total number; the
roller wheel with variable density is configured by
interposing two halves with sparse rollers, when it is
required that the roller wheel has denser rollers, the
two half roller wheels can be interposed so as to
double the roller density, and the density will be re-
duced to one half if the two halves are separated;
alternatively: multiple-phase mechanisms can be ar-
ranged in parallel, wherein two variable-tooth cylin-
drical gears are employed at an upper position and
a lower position to mesh with the rotary shaft roller
wheel, so as to double power; an arrangement can
also be employed where two rotary shaft roller
wheels are provided respectively at an upper posi-
tion and a lower position of the variable-tooth cylin-
drical gear to mesh therewith;
alternatively: a multiple-phase layout can be em-
ployed, wherein a plurality of rotary shaft roller
wheels is provided along the circumferential direc-
tion of the variable-tooth cylindrical gear to mesh
therewith; or: a plurality of variable-tooth cylindrical
gears is provided along the circumferential direction
of the rotary shaft roller wheel to mesh therewith;
the rollers of the rotary shaft roller wheel can take a
conic shape, and the performance of continuously
variable transmission is basically improved by using
of the self-locking property; its working surface can
also be made to be an arc shape; alternatively: the
rotary shaft roller wheel can be replaced with a gear,
a bevel gear, a worm wheel or a worm to mesh with
the SSs of the variable-tooth cylindrical gear, the var-
iable-tooth cylindrical gear can also be replaced with
a variable-tooth conic gear;
alternatively: a transmission in which the rotation
shaft of the rotary shaft roller wheel is fixed and the
rotation shaft of the variable-tooth cylindrical gear
can rotate is employed;
a variable-tooth CVT with a radius-varying metal
block belt: comprises a metal block belt wheel, the
radius of which belt is continuously variable, and a
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variable-tooth cylindrical gear; continuously variable
shifting is realized by changing the radius spanned
by the metal blocks of the metal block belt wheel and
making them mesh with the variable-tooth gear; the
metal block belt wheel, the radius of which belt is
continuously variable, is composed by two opposing
conic discs sandwiching a metal block belt therebe-
tween, the metal block belt is a flexible convex-con-
cave tooth block belt (also referred to as a chain of
tooth blocks) consisting of alternately superposing
several convex tooth blocks 119 and concave tooth
blocks 120 coupled by a tooth block coupling string
118 running therethrough, the radius of the metal
block belt on the conic disc can be changed as the
distance of the two opposing conic discs changes,
so as to implement continuously variable radius; al-
ternatively: in order to improve the unity of the metal
block belt wheel, the conic surface of the conic discs
can be provided with convex-concave grooves so as
to mesh with the flexible metal block belt to form a
stable unity, at which time the side wall of this metal
block belt is of a SS belt structure; or elastic force
and spring force, etc. can be employed to return the
SSs and make them mesh; in addition, the conic disc
can also be replaced with a multiple-ring variable-
tooth conic gear, the meshing surface is formed by
alternately superposing the convex and concave
tooth blocks of the metal block belt so as to mesh
with the SSs of the variable-tooth conic gear, or in
order to facilitate shifting via sliding in the radial di-
rection, idler wheels 141 can be provided on the side
walls of the metal blocks; alternatively: the metal
block belt can also be replaced by a rubber belt with
grooves on the outer side and on both the side walls;
a transmission assembly being capable of working
continuously can be formed by symmetrically ar-
ranging two metal block belt wheels, with each wheel
meshing with one variable-tooth cylindrical gear, and
a continuous output of power flow is realized by al-
ternate complement meshing of two variable-tooth
cylindrical gears and two metal block belt wheels; a
metal block belt wheel with infinitely varying radius
can be of an inner stretching type, in which the
stretching device is located inside of the wheel body,
or of an outside stretching type, in which the stretch-
ing device is located outside of the wheel body, and
the stretching string and stretching device thereof
can be arranged sideward; alternatively: a gear with
a fixed number of teeth can be substituted for the
variable-tooth gear to mesh with the metal block belt
so as to implement continuously variable shifting;
a variable-tooth gear CVT with radius-varying tooth
segments: comprises a toothed ring assembly ca-
pable of changing radius infinitely, and a variable-
tooth cylindrical gear, etc, where continuously vari-
able shifting is realized by changing the radius
spanned by the toothed ring and making it mesh with
the variable-tooth gear; the toothed ring capable of

changing radius infinitely is formed by combining
several tooth segments, each of which is coupled to
the radial sliding rail via a translation pair, to assure
the continuity of the working tooth surfaces of the
toothed ring, at least two sets of toothed rings are
alternately arranged in a staggered manner to form
a toothed ring assembly, each set meshing with a
variable-tooth cylindrical gear, respectively, or
meshing with different rings of SS groups of a double-
ring variable-tooth cylindrical gear, so as to form a
CVT assembly capable of independently performing
a work cycle, a continuous output of power flow is
thus realized by alternate complement meshing of
two variable-tooth cylindrical gears and two toothed
rings; alternatively: the combination of the two sets
of toothed rings can be replaced with a single-
toothed ring formed by the step tooth segments 125
being alternately interposed; the meshing manner of
the variable-tooth gear and the radius-varying
toothed ring can take an inner meshing type and an
outer meshing type;
a transmission mechanism of an inner meshing plan-
et type: variable-tooth gears mesh with a large
toothed ring composed of a plurality of tooth seg-
ments from inside, the variable-tooth gears and
gears a are coaxially fixedly coupled, the gears a
and gears b mesh with each other, gears b in turn
mesh with a sun gear, the rotation shafts of gears a,
gears b and the sun gear 45 are coupled in a trian-
gular shape via a planet bracket 50, the distances
of the shafts of the gears a and gears b are fixed,
the distances of the shafts of the gears b and the
sun gear 45 is fixed, and the gears a and the sun
gear 45 are coupled by a coupling body 142 in such
a way that the distance between their shafts can be
infinitely adjusted; during speed adjusting, the radius
of the toothed ring assembly is changed and the dis-
tance between the shafts of gears a and the sun gear
45 is synchronically changed so as to implement
shifting; generally, "the sun gear and the planet
bracket" serve as input and output transmission ter-
minals; alternatively: the tooth segments can employ
non-involution tooth profiles; the variable-tooth gear
can employ "transmission by SSs with bevel teeth";
alternatively: a single-ring variable-tooth cylindrical
gear having wider SSs can also be employed to re-
place the set of two variable-tooth cylindrical gears
or the double-ring variable-tooth cylindrical gear;
a SS clutch of an axial coupling type : generally com-
prises teeth and grooves of two tooth-and-groove
disc surfaces oppositely clipping a SS wobble-plate;
a shifting transmission with a constant mesh SS type
gear: comprises a constant mesh gear with a tooth-
and-groove disc on a side wall, a shifting push lever,
a thrust bearing, oppositely clipping grooved disc for
returning via elastic force, positioning and coupling
pins, a SS wobble-plate and bolts; the transmission
shaft is coupled to the wobble-plate via a guiding
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spline, the SS wobble-plate is divided into two halves
to be coupled by a bolt into a whole, each half wobble-
plate is provided with a ring of SS groups which func-
tions independently, the two rings of SS groups are
clipped by a pair of tooth-and-groove discs with op-
posing teeth and grooves, respectively, the pair of
opposite clipping tooth-and-groove discs refer to a
mobile tooth-and-groove disc 129, and the sidewall
tooth-and-groove disc surface of the constant mesh
gear 127, both being coupled by the positioning and
coupling pin 130 to assure synchronous rotations,
but they can move axially with respect to each other;
the engagement between the two constant mesh
gears 127 and the transmission shaft is via a bearing
joint, the shifting push lever 128 is coupled to the two
mobile tooth-and-groove discs 129 via the thrusting
bearing, respectively; alternatively: the returning
manner of such SSs can employ "an electromagnetic
driving manner"; or: the SSs used in the SS wobble-
plate can be the SSs of a segment shape in section
or sliding-needles; or the design of alternative and
dense arrangement of the fill SS groups and the sup-
port SSs;
a SS clutch of a radial coupling type: comprises a
coupling sleeve 133 with teeth and grooves on the
inner loop, and a SS grooved wheel 134, the upper
portion of such a SS is in the form of an arc, allowing
for a natural transition when being inserted; after be-
ing inserted, the coupling sleeve and the SS grooved
wheel can perform infinitely meshing; the design can
also be employed thus that the fill SS groups and
the support SS groups are disposed alternately and
densely;
a SS clutch of a conic surface coupling type: com-
prises a SS conic disc 135 and a coupling sleeve
136 for a tooth-and-groove conic disc; after the SS
conic disc is coupled to the coupling sleeve for a
tooth-and-groove conic disc, the SSs return under
the effect of centrifugal forces and mesh with the
tooth-and-groove conic disc so as to implement the
engagement of the clutch;
an overrunning clutch of a SS type: comprises SSs,
a SS grooved wheel 134, and a planet wheel outer
loop 140; in operation, the planet wheel outer loop
140 rotates in a reciprocating manner, the SSs return
under the effect of centrifugal force and so mesh with
the single-direction teeth and grooves of the planet
wheel outer loop, so as to transmit the torque to the
SS grooved wheel 134 and rotate it, in addition, the
oil lubrication via a centrifugal pump can be em-
ployed;
alternatively: the SSs and the blocking grooves can
take a radiating form, the cross sections of the SSs
can be of a segment shape; the type in which the
SSs are densely arranged throughout the ring can
be employed; or a spaced type can be employed; in
such a mechanism, the SSs are constrained by the
planet wheel outer loop, therefore the SSs do not

need stop legs; alternatively: the "progressive differ-
ential principle" can be considered when the distanc-
es and the number of the single-direction teeth and
grooves of the planet wheel and the SS tooth-and-
groove wheel are designed as a whole; the load ca-
pacity can be improved by increasing the width and
the thickness of the SSs of the clutch; "the self-lock-
ing property" can be utilized to design the teeth and
grooves of the planet wheel outer loop to improve
the performance of infinitely meshing ;
alternatively: a Mode A transmission comprises a
Mode A main wheel body I, a Mode A main wheel
body II, a Mode A assistant wheel body, Mode A
support SSs, and Mode A SSs and the like;
alternatively: a Mode B transmission comprises a
Mode B main wheel body, a Mode B assistant wheel
body, Mode B SSs, a nut fork, and a speed adjust-
ment guiding sleeve and the like;
a CVT of a type in which steel needles and steel
sheets mesh, the infinitely meshing is implemented
by interposing the steel needles 211 and steel sheets
212 into each other; the steel needles 211 are dis-
posed throughout the inner side of the belt, and the
transversely arranged steel sheets are disposed
throughout the outer side of the wheel, the infinitely
meshing is implemented by interposing the steel
needles and steel sheets into each other;
an infinitely meshing transmission with fluid deform-
able at a fixed volume, its infinitely meshing device
unit is a deformable meshing unit 213 which is closely
filled with fluid and has a fixed volume, the infinitely
meshing is implemented by meshing with the inner
teeth of the driving belt 151 through the deformable
property of the fluid at a constant volume, or such
fluid is "a magnetorheological fluid";
a CVT of an operation separated and effect com-
bined type, characterized in that: two pairs of conic
discs sandwich therebetween a driving belt with con-
vex and concave meshing teeth on the inner side.
The key difference of its continuously variable shift-
ing principle from that of the prior art metal belt CVT
is the fact that the operations of infinitely changing
radius and infinitely meshing are separated; a
number of infinitely meshing device units that can
perform infinitely changing radius in synchronization
with the driving belt are coaxially disposed in the op-
posing inner space between the two conic discs, the
infinitely meshing device unit comprises a unit carrier
and a meshing body; the meshing body meshs with
the convex and concave meshing teeth on the inner
side of the driving belt so as to implement transmis-
sion via infinitely meshing; the meshing body of the
infinitely meshing device unit can be a SS variable-
tooth meshing device, a magnetorheological fluid/
electrorheological fluid meshing device, an infinitely
meshing device via a worm/worm rack, an infinitely
meshing device via skidding blocks; and its driving
belt can be a flexible driving belt with teeth on the
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inner side, and can also be a flexible driving chain
with teeth on the inner side.

[0009] A transmission of a SS variable-teeth meshing
type: its infinitely meshing device unit comprises the
meshing unit carrier 155 and a SS group consisting of
several SSs (including sliding-blocks); the SS group in-
finitely meshes with the driving belt 151 to transmit power;
an idler wheel 152 embodied as a double-wheel, a single
wheel or a drum-like wheel can be provided on the beam
for a SS holder, the idler wheel(s) cooperates with the
radial rail 146, there are provided stop seats 153 for SS
holders and returning springs 154 under the SS groups,
the returning spring being classified into a flat spring and
a corrugated spring, there can be provided a rolling bear-
ing or a sliding bearing between the idler wheel and the
rotation shaft, or even the sliding motion is implemented
directly by lubricating contacts without providing the idler
wheel; on the conic disc 147 are provided several radial
rails 146 which match the orientation of the generatrix of
the conic disc, these rails cooperate with the idler wheels
on the respective meshing unit carrier 155 so as to form
a translation pair coupling; the driving belt operates at a
stable radial position and implements, together with the
meshing body, i.e., the SS groups of the meshing device
unit, infinitely meshing; a sliding-block can be add to a
SS group , if the direction of the force acting upon the
SSs is to the left, the sliding-block should be installed at
the left side, and vice versa, if the SSs are acted by forces
in two directions under rotation, then one sliding-block
should be installed at either side thereof; alternatively,
the CVT employs a metal pressing belt having teeth at
the inner side thereof, this metal pressing belt comprises
metal rings 159, metal blocks of a fill type 160, and metal
blocks of a meshing type 161, the metal blocks of a fill
type and the metal blocks of a meshing type are alter-
nately superposed to form a metal belt with teeth on its
inner side; alternatively: the driving belt can be a syn-
chronous metal belt of a hole-meshing type, the whole
driving belt is constructed by closely superposing multiple
layers of metal rings with holes therein, all holes corre-
sponding one by one so as to form rectangular holes for
SSs to insert therethrough, in operation, the SSs mesh
with the rectangular holes so as to implement transmis-
sion; alternatively, the radial constraining rail of the infi-
nitely meshing device unit 148 is as follows; the whole
interior of the conic disc is excavated such that the outer
wall surface 164 and the inner wall surface 165 of the
conic disc become conic surfaces similar in orientations,
several sliding grooves 166 are notched on the conic
surface along its generatrix; alternatively: the radial rail
is a cylindrical guiding groove 168, corresponding coop-
eration between the meshing device unit and the cylin-
drical guiding groove employs a cylindrical rolling trans-
lation pair 167; it is also possible to provide a stretching
spring 163; alternatively: the contact angle between the
SSs and the surfaces of the meshing tooth is less than
the equivalent friction angle, a wearable adhesive layer

190 can be provided on the surfaces of the meshing teeth
of the driving belt, a wearable metal paste block with high
hardness or a coating of wearable material can be ad-
hered, or the belt base can directly undergo hardening
treatment;

a device to eliminate the gaps between the metal
blocks on the slack side of the metal belt comprises:
an urging wheel 172, a small gear 173, a driving
wheel 174, a large gear 175, and a clamping mech-
anism 176; the urging wheel and the driving wheel
are both pressed firmly onto both sides of the metal
belt (a pressure belt) 170, the urging wheel is fixedly
coupled to the small gear, the driving wheel is fixedly
coupled to the large gear, and the small gear and
the large gear maintain meshing transmission; alter-
natively: a motor can be employed to directly drive
the urging wheel 172; alternatively: the manner of
directly impacting via a gas flow or fluid flow of high
speed can also be employed to urge the metal blocks
to accelerate so as to eliminate gaps therebetween;
a magnetorheological/electrorheological fluid CVT:
its infinitely meshing device unit is "a magnetorheo-
logical/electrorheological fluid" meshing device, the
meshing body is a magnetorheological/electrorheo-
logical fluid infinitely meshing body 177, at the in-
stance before meshing, there is no magnetic field,
"magnetorheological fluid" takes a liquid form, so it
can sufficiently deform in accordance with the cur-
rent meshing tooth profiles, when a magnetic field is
applied after meshing, the magnetorheological fluid
will immediately assume a solid state and become
a solid tooth profile with which it meshes, and the
magnetic field is removed after the meshing is re-
leased, so the magnetorheological fluid assumes the
liquid state again; alternatively: "the magnetorheo-
logical fluid" and "the electrorheological fluid" mix
and combine with the SS groups, the SSs, when un-
der the effect of forces, mix with the magnetorheo-
logical fluid, at the dynamic instance when the SSs
come into meshing, the magnetorheological fluid
which mixes with the SSs assumes a liquid state, so
the SSs can smoothly slide and deform, and once
the SSs assume a complete meshing state and stop
sliding, the magnetorheological fluid mixing there-
with assumes a solid state and integrates firmly with
the SSs so as to form a fixed tooth profiles;
alternatively: a magnetorheological/electrorheologi-
cal fluid CVT comprises a driving belt/chain 180 con-
taining magnetorheological/electrorheological fluids
on the inner side thereof, meshing bodies 178 with
fixed tooth profiles, and a conic disc, magnetorheo-
logical/electrorheological fluids are provided on the
inner side of the driving belt base, in other words,
the meshing bodies of the infinitely meshing device
unit are of fixed tooth profiles, and the tooth profiles
of the magnetorheological fluids or electrorheologi-
cal fluids on the inner side of the belt base change
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according to the deformation of the tooth profiles of
the meshing bodies 178 so as to implement infinitely
meshing;
alternatively: a magnetorheological/electrorheologi-
cal fluid CVT comprises: a member capable of infi-
nitely varying radius via magnetorheological/elec-
trorheological fluids 181, bodies 177 capable of infi-
nitely meshing via electrorheological fluids, and a
soft cavity for magnetorheological/electrorheologi-
cal fluids 179; the processes of the infinitely radius-
varying and infinitely meshing are implemented by
magnetorheological/electrorheological fluids, the
process of the infinitely radius-varying is implement-
ed by infinitely changing the volume of soft cavity
179 for magnetorheological/electrorheological fluids
and by "liquefied deforming" of the magnetorheolog-
ical/electrorheological fluids, once the process of the
radius-varying completes, the magnetorheological/
electrorheological fluids then solidify and the radius
is fixed, so as to construct the cylinder capable of
infinitely radius-varying; the process of infinitely
meshing is conducted by several bodies capable of
infinitely meshing via electrorheological fluids 177
on the outer circumference and the driving belt 151;
alternatively: the "magnetorheological fluids" can be
packed into a soft bag to mesh with the fixed teeth,
and the fixed teeth for meshing can be manufactured
into an arc shape;
alternatively: the magnetorheological fluids can also
directly adhere to the surface of the smooth belt, and
mesh with the friction surface conic disc with large
roughness to implement transmission; alternatively:
the driving belt is a driving belt with teeth on both
sides, and magnetorheological/electrorheological
fluids are provided on the conic surface of the conic
disc; alternatively: the magnetorheological/electror-
heological fluids are provided on the side surfaces
of the driving belt, and the corresponding conic sur-
face of the conic disc is provided with convex teeth
and concave grooves, at the dynamic instances of
coming into meshing and releasing from meshing,
the magnetorheological/electrorheological fluids
"liquefy", while in other regions they are in a "solidi-
fied" solid state;
a rack CVT with a worm/worm rack: its infinitely
meshing device unit employs a meshing device op-
erating in "a manner of infinitely meshing via a worm/
worm rack", and can be of a "worm and worm rack
meshing" type, a driving belt/chain in a worm rack
toothed shape 183, the worm 182 infinitely meshes
with the driving belt/chain in a worm rack toothed
shape 183 under the driving of a controller 184 to
transmit power; or it can be of a type in which two
worms racks mesh, the worm rack 185 translates
and infinitely meshes with the driving belt/chain in a
worm rack toothed shape 183 under the driving of
the controller 184;
an infinitely meshing transmission with sliding-

blocks: its infinitely meshing device unit is a "sliding-
block infinitely meshing" device, the tooth profiles on
the inner side of the sliding meshing triangular
toothed belt, a chain 186 whose triangular teeth at
the inner side meshes through sliding, capable of
meshing via sliding with the tapered tooth blocks 187
by automatically finding the meshing points through
mechanical sliding, the tapered tooth blocks 187
moves in the trails 189, in x direction, they can return
via centrifugal forces; in y direction, they are self-
locked, in operation, the tapered tooth blocks can
freely return in x direction until they reach the optimal
meshing end of the triangular-tooth driving belt ca-
pable of meshing via sliding 186 so as to mesh suf-
ficiently with the surfaces of the triangular teeth; they
are self-locked in y direction, by juxtaposing and op-
erating two types of tapered tooth blocks, denoted
by a and b, which are orientated along complemen-
tary rails, it is realized thus that the infinitely meshing
device unit can infinitely mesh with the triangular-
tooth driving belt capable of meshing via sliding 186
at any point in the regions that the tooth blocks can
slide;
a CVT with a variable-tooth gear capable of radius
varying, the variable-tooth gear capable of radius
varying is composed of a plurality of infinitely mesh-
ing device units 148, the infinitely meshing device
units can synchronously move in the radial direction
along their respective radial sliding trail 123, respec-
tively;
alternatively: the infinitely meshing device units 148
mesh with an internal gear ring 191, or: the infinitely
meshing device units 148 mesh with an external gear
ring 192; or: a variable-tooth cylindrical gear meshes
with external meshing tooth segments 193;
a conic disc without a physic spindle in the inner side,
with no transmission shaft between the two conic
discs, the infinitely meshing device unit can move
into a region of a smaller radius;
alternatively: the carrier for the infinitely meshing de-
vice unit is a flexible carrier for the infinitely meshing
device unit, the carrier for the meshing unit employs
a flexible, a pliable structure, the carrier of the mesh-
ing unit is attached to the teeth on the inner side of
the belt so as to sufficiently mesh therewith, and its
curvature can completely coincide with that of the
inner side of the belt;
a transmission of a type without a centrifugal press-
ing effect, the radial motion of the meshing device
unit is controlled by a radial synchronization control-
ler 196, in operation, the centrifugal force poses no
centrifugal pressing effect onto the conic disc 147,
and it suffices to notch radial through grooves on the
conic disc 147,
its radial synchronization controller 196 can employ
a screw nut structure, the nut 198 is coupled to the
meshing device units 148, and the synchronous mo-
tions of respective meshing device units 148 in the
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radial direction are achieved by synchronously con-
trolling the rotation angles of respective screws;
alternatively: in the radial synchronization controller,
each infinitely meshing device unit 148 comes into
contact with the inner conic surface of a recessed
conic disc 199 via idler wheels 152, and the synchro-
nous motions of respective meshing device units 148
in the radial direction are achieved by controlling the
distance of the recessed conic discs 199 on both
sides;
alternatively: the motion trajectories of the infinitely
meshing device units 148 are subject to the con-
straint of a respective corresponding spiral rail with
variable radius 201 on a radius-varying rotary disc
200, and the radius-varying rotary disc 200 imple-
ments the synchronous motions of respective mesh-
ing device units 148 in the radial direction;
alternatively: the infinitely meshing device units 148
are coupled to the radius-varying rotary disc 200 via
a linkage mechanism, or a two-rod linkage mecha-
nism is employed; the synchronous motions of re-
spective meshing device units 148 in the radial di-
rection are realized by rotating the radius-varying ro-
tary disc 200;
alternatively: the rotation angle of the radius-varying
rotary disc 200 is automatically monitored in real-
time by a hydraulic or mechanic manner;
alternatively: any one of the infinitely meshing device
units is constrained by a trajectory of the idler wheel,
the coupling constraints among all meshing device
units are conducted by a synchronous radial motion
mechanism so as to realize radius varying synchro-
nously and
equally;
alternatively: the infinitely meshing device units 148
can be directly inserted into the conic body to trans-
mit torque without being providing with any assistant
constraining devices, the T-shaped groove of the tra-
jectory of the idler wheel is changed to a rectangular
groove to cooperate with the infinitely meshing de-
vice units, the radius is varied freely in the radial di-
rection, the driving belt 151 directly imposes a slave
radial dimension constraint on the respective mesh-
ing device units 148, and all the infinitely meshing
device units on the same conic disc should be cou-
pled to each other by a synchronous radial motion
mechanism such that all infinitely meshing device
units move in the radial direction synchronously,
alternatively: the synchronous constraint in the radial
direction can be implemented by coupling the linkage
mechanism to the radius-varying rotary disc 200, or:
the screw and nut structure which is not self-locking
in either direction is employed, and all screw nuts
move synchronously through the joint of the conic
gear mechanism 203 so as to implement the syn-
chronous radial constraints;
alternatively: the infinitely meshing device unit im-
plements synchronous radius-varying through the

control of the radius-varying rotary disc 200 and the
linkage mechanism 202; it is not necessary to notch
radial rail grooves on the conic disc 147, or rectan-
gular grooves are provided on the conic disc 147 to
cooperate with the infinitely meshing device unit,
a transmission of the type containing a central guid-
ing and constraining disc, a central guiding and con-
straining disc 204 is disposed between the two conic
discs 147 so as to transmit torques and guide in the
radial direction, the central guiding and constraining
disc 204 is of a flat disc type or a double-sided conic
disc type, or: a radial synchronization controller is
provided in the center of the central guiding and con-
straining disc 204;
alternatively: a separating device via electromagnet-
ic traction is provided, and the conic disc combined
by split parts is employed, comprising an inner conic
disc 147 and an outer conic disc casing 205 with a
predetermined axial spacing therebetween, and an
electromagnetic sucking disc 206 is provided in the
inner conic disc 147 and/or an outer conic disc casing
205, or: the electromagnetic sucking disc is replaced
with a hydraulic or pneumatic device;
an electromagnetic traction controller for seating
SSs, wherein stop bars against returning and seating
of SSs 207 is controlled by the electromagnetic forc-
es of the electromagnetic sucking disc 206;
alternatively: a mechanic traction controller for seat-
ing SSs, a seating control disc 209 is rotated, and a
cam 208 is entrained by the idler wheel 152 mech-
anism to rotate, and the stop bars against returning
and seating of SSs 207 are hence urged to move,
so as to seat the SSs to achieve the separation of
the SSs from the inner meshing teeth of the driving
belt;
a driving belt with single-direction meshing teeth, the
inner meshing teeth are divided into two halves, each
half region is designed to be a single-direction tooth
surface;
a CVT with a meshing type steel ring, comprises a
steel ring with meshing teeth on the inner side 210
and the corresponding conic disc.

[0010] The tooth-and-groove wheel is classified into a
flat disc type and a conic disc type, its working disc sur-
face comprises convex teeth and concave grooves; its
groove pattern is: a single tooth pattern in the form of
radiating in radial direction, an arrangement equivalent
in the interval density of teeth and grooves, a type of
being knurled throughout a disc, a type with a uniform
array of protuberances throughout the disc surface, a
type with a uniform array of dimples throughout the disc
surface, a specialized type for the bevel SS variable-tooth
gear, a tooth-and-groove disc type for stepped transmis-
sion, a type where the tooth-and-groove pattern is opti-
mized for each segment and for each step, a type where
the shuttle-shaped teeth are alternately arranged in the
radial direction, or a type where the shuttle-shaped teeth
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are uniformly arranged in the radial direction;

said meshing ring with teeth and grooves is: a conic
type or a cylindrical type; wherein, the conic tooth
ring can be classified into: a conic tooth ring meshing
at the inner and outer sides, a conic tooth ring mesh-
ing at the inner side, and a conic tooth ring meshing
at the outer side; the cylindrical tooth ring can be
classified into: a cylindrical tooth ring meshing at the
inner side, a cylindrical tooth ring meshing at the in-
ner and outer sides, and a cylindrical tooth ring mesh-
ing at the outer side.

[0011] The infinitely meshing variable-tooth gear with
SSFT is characterized in that: said SSs are SSs special-
ized for the variable-tooth cylindrical gear, SSs special-
ized for the variable-tooth conic gear that are of "the type
in which one side works independently", SSs specialized
for the variable-tooth conic gear that are of "the type in
which both sides work integrally", SSs specialized for the
SS variable-tooth conic gear with of a small taper, SSs
specialized for the variable-tooth gear of the rotary shaft
roller gear CVTs, SSs specialized for the variable-tooth
gear of returning in an oblique direction type, SSs spe-
cialized for the SS tension driving belt, or SSs of the re-
turning via elastic force type, all of them include support
SSs, fill SSs, the support SSs contact the wall of the
wheel body holder to receive forces, and the fill SSs con-
tact the support SSs to receive forces, being classified
into an outside support type, an outside interaction cross-
ing support type, a central support type, a central inter-
action crossing support type, an outside and central dou-
ble support type, and an outside and central interaction
crossing support type; the SSs can also be circular SSs;
the working surfaces of the SSs can be of an arc shape,
and the working surfaces can be further decreased so
as to form "a local force-receiving zone in an arc shape",
the arc-shaped profile of the working surfaces can be
modified to a linear profile; a thick SS can be added to
each end of the SS group, the stop legs of the fill SSs
can be as long as those of the support SSs, and they can
have one or two stop legs;

cross sections of the SSs can be cross sections of
the same thickness or be of a segment shape, or be
cross sections of different shapes; the shapes of the
cross sections of the contact regions between the
SSs and the teeth and grooves can be: a single slant,
double slants, circular surfaces, the contact section
angle θ thereof can coincide with the slanting angle
of the wall surfaces of the teeth and grooves;
the constraining device for the SSs can be stop legs
for SSs 25 and an outer constraining ring 23, wherein
there can be one or two stop legs for a SS; the stop
leg for a SS can be of a convex type or a concave
type, alternatively, a constraining ring, string or rod
can be inserted through a hole which is punched in
the SS to carry out constraining;

there can be one or two stop legs for a SS; the stop
leg for a SS can be of a convex type or a concave
type, alternatively, a constraining ring, string or rod
can be inserted through a hole which is punched in
the SS to carry out constraining, or the constraining
is implemented by the outer constraining ring 23,
the SSs of returning via elastic force type include:
Mode A fill SSs of returning via elastic force type,
Mode A support SSs of returning via elastic force
type, Mode B support SSs of returning via elastic
force type, Mode B fill SSs of returning via elastic
force type; the meshing surfaces on both sides of
the SSs can be made into an arc shape or a rectan-
gular shape; or: the returning of the SSs of the SS
wheel can take a free returning manner, the SSs of
returning via elastic force type are divided into two
halves, and a returning spring wire 109 is interposed
therebetween, so as to implement returning via
spring forces; or injecting gas flow or liquid flow
through a gas flow hole 110 to realize the returning
type via flow impact forces; or: an electromagnetic
traction device is disposed on the conic disc tooth-
and-groove wheel or at positions of equivalent effect,
the returning type via electromagnetic forces can be
realized in such a way that SSs on the SS wheel are
electromagnetically attracted or repelled by electro-
magnetic traction forces; the stop legs for the SSs
can be provided at the middle of the SSs, and the
SSs can have one or two stop legs;
alternatively: the SSs of returning via spring force
type can be provided with returning spring wires ar-
ranged at the end thereof, the returning trajectories
of the SSs can be a type of returning in translation,
or a type of returning in rotation; or: a flat spring, or
a corrugated spring can be disposed on the bottom
of the SSs;
alternatively: the SSs of a type of supporting on one
side can also be employed, its corresponding varia-
ble-tooth gear body is a gear body 144 without a stop
boss, which is superposed with a gear body having
a stop boss to constrain and position the SSs;
alternatively: the SSs can be disposed as a needle
shape or a block shape; and the cross section of the
needle shape can be circular or rectangular.

[0012] The infinitely meshing variable-tooth gear with
SSFT is characterized in that: the force direction when
transmitting power is perpendicular to the free-sliding di-
rection, or the angle therebetween is within the equivalent
friction angle, the SS possesses self-locking property;
the principle of "self-locking meshing property" is em-
ployed to design the SSs in meshing;

the arrangement principle of the meshing points of
said SSs and the tooth-and-groove wheel employs
"the progressive toothwise differential principle".

[0013] The present invention also discloses an infinite-
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ly meshing variable-tooth rack with SSFT, the infinitely
meshing variable-tooth rack with SSFT comprises a var-
iable-tooth rack body and a plurality of sliding-teeth built
in the rack body; wherein, the SSs can move in the var-
iable-tooth rack body due to returning forces, and the
SSs protrude out of the opposing contour surfaces on
the variable-tooth rack body so as to form tooth profiles
of any shape.
[0014] Said variable-tooth rack body is a rigid variable-
tooth rack body or a flexible variable-tooth rack body,
said variable-tooth rack body is: a velocity-locking block
with SSs disposed therein, or a velocity-locking block with
sliding-needles disposed therein; and said flexible vari-
able-tooth rack is: a SS tension driving belt;

wherein, a velocity-locking block 138 having SSs
mounted therein can be clipped by two symmetrically
arranged traction belts 137 whose meshing convex
teeth and concave grooves oppose, whereby non-
frictional meshing transmission is achieved by
means of the meshing teeth and grooves of the two
traction belts with regard to the returning process via
elastic force of the sliding-sleets;
wherein, the SS tension driving belt is composed of
two sets of split metal rings with convex and concave
grooves clipping from the opposite directions a se-
ries of support metal sheets and fill metal sheets ar-
ranged at intervals, each set of the metal rings is
configured by superposing several metal rings with
convex and concave grooves, the recessed shoul-
ders of the support metal sheets and the fill metal
sheets are different and engaged with the convex
and concave grooves of the split metal ring 82, a
predetermined play is provided between the re-
cessed shoulders of the metal sheets and the mesh-
ing grooves of the metal rings; the shapes of the
metal SSs are classified into Mode A and Mode B,
including metal SSs 80, 81, 85, 86; to prevent the
distance between every two sets of the metal rings
from changing, they are fixedly coupled to each other
by a coupling body 83 for the metal belts;
alternatively: the SS tension driving belt comprises
a metal ring 87 with a positioning groove in the mid-
dle, Mode C support metal sheets 88 and Mode C
fill metal sheets 89, there are several metal rings 87
with a positioning groove in the middle superposed
in the upper and lower portions of the metal sheets
so as to constrain the SSs, a predetermined play is
provided between the support SSs and the position-
ing grooves of the metal rings so as to allow for the
metal sheets to slide transversely when the SS belt
meshes with the tooth-and-groove wheel;
alternatively: the SS tension driving belt comprises
metal rings 90 with convex-concave grooves on both
sides, Mode D fill metal sheets 91, Mode D support
metal sheets 92, the several metal rings 90 are su-
perposed in the upper and lower portions of the metal
sheets so as to constrain the SSs, a predetermined

play is also provided between the SSs and the con-
vex-concave grooves of the metal rings so as to allow
for the metal sheets to slide transversely when the
SS belt meshes with the tooth-and-groove wheel;
alternatively: the SS holders can be of a circular
shape, a rectangular shape, or a sector shape;
said infinitely meshing variable-tooth rack with SSFT
meshes with a tooth-and-groove boss, the working
surface of the tooth-and-groove boss comprises
teeth and grooves; and the tooth-and-groove boss
is classified into a rigid tooth-and-groove boss, and
a flexible tooth-and-groove boss;
wherein, the flexible tooth-and-groove boss is a trac-
tion belt containing meshing convex teeth and con-
cave grooves, or a tooth-and-groove driving belt of
a tooth meshing type, this driving belt is classified
into a pressing belt, and a tension belt;
the tension belt includes: being composed of a belt
base 65, an enforced layer 66, and meshing support
blocks 64; the transmission via meshing of convex
teeth and concave grooves is realized by arranging
the meshing support blocks 64 at intervals, the
meshing support blocks can be arranged at regular
intervals or at irregular intervals; alternatively, a
plate-and-pin chain of meshing type: meshing blocks
78 are provided on chain pins 76 or chain plates 77,
meshing blocks can be provided on the chain pins
76 or chain plates 77, or: meshing blocks can be
provided on both the chain pins 76 and the chain
plates 77; or: the metal ring driving belt: being con-
figured by superposing a plurality of metal rings with
convex teeth and concave grooves on both sides, in
a manner of one corresponding to another; alterna-
tively, Mode B driving belt; the belt base is made of
non-metal materials, its enforced layer be enforced
with steel strings or nylon strings, etc., the two sides
are wearable wall surfaces, and are made into a
shape of meshing convex teeth and concave
grooves, in addition, its transverse convex and con-
cave tooth profiles can extend all the way through
the whole belt base; alternatively: the prior art belt
or chain is refitted, and the working side surface of
the belt or chain is a convex tooth and concave
groove capable of meshing with the SSs;
the pressing belt includes: a metal belt of the mesh-
ing type, a metal belt with meshing convex teeth and
concave grooves configured by alternately combin-
ing metal rings and wide, narrow metal blocks; or: a
metal belt configured by firstly composing a wide
metal block group from wide metal blocks and a nar-
row metal block group from narrow metal blocks and
then alternately combining the wide metal block
group with the narrow metal block group; or: the nar-
row metal blocks can employ "a cross section of an
arc shape", the regions of both sides of the wide
metal blocks that participate in meshing can be pro-
vided with slant surfaces, whereby the continuously
variable transmission performance is basically im-
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proved by means of the self-locking meshing prop-
erty; alternatively: the wide, narrow metal blocks can
be replaced with "concave metal blocks" and "con-
vex metal blocks" of the flexible metal belt for the
transmission with variable-tooth conic gear of a small
taper.

[0015] Said SSs are SSs specialized for the variable-
tooth cylindrical gear, SSs specialized for the variable-
tooth conic gear that is of "the type in which one side
works independently", SSs specialized for the variable-
tooth conic gear that is of "the type in which both sides
work integrally", SSs specialized for the SS variable-
tooth conic gear with a small taper, SSs specialized for
the variable-tooth gear of the rotary shaft roller gear
CVTs, SSs specialized for the variable-tooth gear of re-
turning in an oblique direction type, SSs specialized for
the SS tension driving belt, or SSs of the returning via
elastic force type, all of them include support SSs, fill
SSs, the support SSs contact the wall of the wheel body
holder to receive forces, and the fill SSs contact the sup-
port SSs to receive forces, being classified into an outside
support type, an outside interaction crossing support
type, a central support type, a central interaction crossing
support type, an outside and central double support type,
and an outside and central interaction crossing support
type; the SSs can also be circular SSs; the working sur-
faces of the SSs can be of an arc shape, and the working
surface can be further decreased so as to form "a local
force-receiving zone in an arc shape", the arc-shaped
profile of the working surface can be modified to a linear
profile; a thick SS can be added to each end of the SS
group, and the stop legs of the fill SSs can be as long as
those of the support SSs, they can have one or two stop
legs;

cross sections of the SSs can be cross sections of
the same thickness or be of a segment shape, or be
cross sections of different shapes; the cross section
shapes of the contact regions of the SSs and the
teeth and grooves can be: a single slant, double
slants, circular surfaces, the contact section angle θ
can coincide with the slanting angle of the wall sur-
faces of the teeth and grooves;
the constraining device for the SSs can be stop legs
for SSs 25, and an outer constraining ring 23, where-
in there can be one or two stop legs for a SS; the
stop leg for a SS can be of a convex type or a concave
type, alternatively, a constraining ring, string or rod
can be inserted through a hole which is punched in
the SS to carry out constraining;
there can be one or two stop legs for a SS; the stop
leg for a SS can be of a convex type or a concave
type, alternatively, a constraining ring, string or rod
may be inserted through a hole which is punched in
the SS to carry out constraining, or constraining is
implemented by the outer constraining ring 23,
the SSs of returning via elastic force type include:

Mode A fill SSs of returning via elastic force type,
Mode A support SSs of returning via elastic force
type, Mode B support SSs of returning via elastic
force type, Mode B fill SSs of returning via elastic
force type; the meshing surfaces on both sides of
the SSs can be made into an arc shape or a rectan-
gular shape; or: the returning of the SSs of the SS
wheel can take a free returning manner, the SSs of
returning via elastic force type are divided into two
halves, and a returning spring wire 109 is interposed
therebetween, so as to implement returning via
spring forces; or injecting gas flow or liquid flow
through a gas flow hole 110 to realize the returning
type via flow impact forces; or: an electromagnetic
traction device is disposed on the conic disc tooth-
and-groove wheel or at positions of equivalent effect,
the returning type via electromagnetic forces can be
realized in such a way that SSs on the SS wheel are
electromagnetically attracted or repelled by electro-
magnetic traction forces; the stop legs for the SSs
can be provided at the middle of the SSs, and the
SSs can have one or two stop legs;
alternatively: the SSs of returning via spring force
type can have returning spring wires arranged at the
end thereof, the returning trajectories of the SSs can
be of a type of returning in translation, or a type of
returning in rotation; or: a flat spring, or a corrugated
spring can be disposed on the bottom of the SSs;
alternatively: the SSs of a type of supporting on one
side can also be employed, its corresponding varia-
ble-tooth gear body is a gear body 144 without a stop
boss, which is superposed with a gear body having
a stop boss to constrain and position the SSs;
alternatively: the SSs can be disposed as a needle
shape or a block shape; and the cross section of the
needle shape can be circular or rectangular,
the arrangement principle of the meshing points of
said SS variable-tooth rack and the tooth-and-
groove boss employs "the progressive toothwise dif-
ferential principle".

Brief Description of the Accompanying Drawings

[0016]

Fig. 1 is a structure diagram of a variable-tooth cy-
lindrical gear CVT;
Fig. 2 is a structure diagram of the outer shape of
the variable-tooth cylindrical gear;
Fig. 3 is a structure diagram of the variable-tooth
cylindrical gear body;
Fig. 4 is a structure diagram of the SS for the variable-
tooth cylindrical gear;
Fig. 5 is an inner structure diagram of the variable-
tooth cylindrical gear;
Fig. 6 is a plan view showing the inner structure of
the variable-tooth cylindrical gear;
Fig. 7 is a structure diagram of an outer constraining
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ring for the SS;
Fig. 8 is a structure diagram of SSs with different
shapes;
Fig. 9 is a structure diagram of a tooth-and-groove
wheel;
Fig. 10 is a schematic view of the distribution of the
teeth and grooves of tooth-and-groove wheels (I);
Fig. 11 is a schematic view of the distribution of the
teeth and grooves of tooth-and-groove wheels (II);
Fig. 12 is a schematic view of a transmission with a
shuttle-shaped gear and disc;
Fig. 13 is a schematic view of a multiple-speed trans-
mission that is normally in meshing state;
Fig. 14 is a schematic view of the transmission with
multiple-phase variable-tooth gears in parallel;
Fig. 15 is a view for analyzing the progressive differ-
ence arrangement of multiple-phase variable-tooth
gears in parallel;
Fig. 16 is a schematic view exemplifying the arrange-
ment of multiple-phase variable-tooth gears;
Fig. 17 is a structure diagram of a variable-tooth con-
ic gear and its components (I);
Fig. 18 is a structure diagram of a variable-tooth con-
ic gear and its components (II);
Fig. 19 is a structure diagram of variable-tooth conic
gear CVT;
Fig. 20 is a schematic view of a variable-tooth gear
of obliquely returning type ;
Fig. 21 is a schematic view of a variable-tooth conic
gear with oblique SSs ;
Fig. 22 is a schematic view exemplifying the arrange-
ment of transmission via a variable-tooth gear;
Fig. 23 is the schematic view of returning, meshing
and transmitting of the SSs;
Fig. 24 is the view used for analyzing the self-locking
property of the SSs;
Fig. 25 is a structure diagram of a belt type CVT with
a multiple-ring variable-tooth conic gear;
Fig. 26 is a structure diagram of components of a
multiple-ring variable-tooth conic gear;
Fig. 27 is structure diagram of a belt specialized for
Mode A CVTs;
Fig. 28 is a structure diagram of a multiple-ring var-
iable-tooth conic gear CVT of combined gear body
type;
Fig. 29 is a structure diagram of a single piece mul-
tiple-ring variable-tooth conic gear of the type of be-
ing inserted from outside;
Fig. 30 is a structure diagram of a metal belt of mesh-
ing type;
Fig. 31 is a structure diagram of a pin-plate chain of
meshing type;
Fig. 32 is a structure diagram of a series of driving
belts;
Fig. 33 is a structure diagram of a series of driving
belts via SSs’ tension;
Fig. 34 is a structure diagram of a driving belt via
sliding-needles’ tension;

Fig. 35 is a structure diagram of a belt CVT of return-
ing via elastic nipping force type;
Fig. 36 is a structure diagram of a wheel CVT of
returning via elastic nipping force type;
Fig. 37 is a view showing the shifting mechanism of
a small taper variable-tooth conic gear series;
Fig. 38 is a structure diagram of a variable-tooth ro-
tary shaft roller gear CVT;
Fig. 39 is a structure diagram of a variable-tooth CVT
with a radius-varying metal block belt;
Fig. 40 is a structure diagram of a variable-tooth gear
CVT with radius-varying tooth segments;
Fig. 41 is a structure diagram of a SS clutch of an
axial coupling type;
Fig. 42 is a structure diagram of a SS clutch of a
radial coupling type;
Fig. 43 is a structure diagram of a SS clutch of a
conic surface coupling type;
Fig. 44 is a structure diagram of an infinitely meshing
device with blocks and a belt;
Fig. 45 is a structure diagram of an overrunning
clutch of a SS type;
Fig. 46 is plan view of various SSs;
Fig. 47 is a structure diagram of a CVT of an oper-
ation separated and effect combined type (I);
Fig. 48 is an exploded view of key components of an
operation separated and effect combined type conic
disc;
Fig. 49 is a structure diagram of a CVT of an oper-
ation separated and effect combined type (II);
Fig. 50 is a sectioned structure diagram of a conic
disc;
Fig. 51 is an exploded view of an infinitely meshing
device unit;
Fig. 52 is a schematic view of a synchronous metal
belt meshing through inner teeth (I);
Fig. 53 is a schematic view of a synchronous metal
belt meshing through inner teeth (II);
Fig. 54 is a perspective view of metal blocks;
Fig. 55 is a schematic view of a synchronous metal
belt of a hole-meshing type;
Fig. 56 is a view of the principle of meshing trans-
mission of a transmission;
Fig. 57 is a schematic view of other types of trans-
missions;
Fig. 58 is a view for illustrating the principle of elim-
inating a gap between metal blocks on the slack side
of the pressure belt;
Fig. 59 is a diagram for analyzing the self-locking
and wedging mechanism of SSs;
Fig. 60 is a diagram of the principle of a magnetor-
heological/electrorheological fluid transmission (I);
Fig. 61 is a diagram of the principle of a magnetor-
heological/electrorheological fluid transmission (II);
Fig. 62 is a diagram of the principle of a magnetor-
heological/electrorheological fluid transmission (III);
Fig. 63 is a diagram of the principle of an infinitely
meshing transmission with a worm/worm rack;

29 30 



EP 1 811 205 A1

17

5

10

15

20

25

30

35

40

45

50

55

Fig. 64 is a diagram for analyzing the principle of an
infinitely meshing transmission with sliding-blocks;
Fig. 65 shows another solution of constraining the
SSs;
Fig. 66 is a structure diagram of a CVT with a vari-
able-tooth gear capable of radius varying;
Fig. 67 is a schematic view of a conic disc without a
physic spindle in the inner side;
Fig. 68 is a view of the principle of an infinitely mesh-
ing transmission with a worm/worm rack;
Fig. 69 is a view for analyzing the principle of an
infinitely meshing transmission with sliding-blocks;
Fig. 70 shows examples of a radial synchronization
controller;
Fig. 71 exemplifies a radial synchronization control-
ler (II);
Fig. 72 is a structure diagram of a conic disc with
rectangle grooves;
Fig. 73 is a structure diagram of a transmission of
the type containing a central guiding and restraining
disc;
Fig. 74 is a structure diagram of a separating device
via electromagnetic tractions;
Fig. 75 shows an electromagnetic traction device for
seating SSs;
Fig. 76 shows a mechanic traction controller for seat-
ing SSs;
Fig. 77 is a structure diagram showing the structure
of a separated transmission type with single-direc-
tion meshing teeth;
Fig. 78 shows a CVT with a meshing type steel ring;
Fig. 79 shows a CVT of a type in which steel needles
and steel sheets mesh;
Fig. 80 shows an infinitely meshing transmission with
fluid deformable at a fixed volume;
Fig. 81 is a structure diagram of a Mode A transmis-
sion which has been put in practice; and
Fig. 82 is a structure diagram of a Mode B transmis-
sion which has been put in practice.

[0017] Wherein: 1 an output shaft 2 a bearing 3 a var-
iable-tooth cylindrical gear body 4 a fill SS 5 a support
SS 6 a flat disc tooth-and-groove wheel 7 meshing teeth,
grooves 8 an input shaft 9 a central recess 10 guiding
splines/splines 11 SS restraining wall surface 12 a posi-
tioning and supporting stop boss 13 a lubricant hole 14
a lubricant gap 15 a positioning pin hole 16 a SS retracting
seat restraining surface 17 a positioning couple pin 18 a
shaft-assembling hole (including a spline groove) 19 a
superposing surface of a wheel and a disc 20 an oblique
support SS 21 an oblique fill SS 22 a frictional traction
ring 23 an outer constraining ring 24 a constraining ring-
guiding zone 25 a stop leg for SS 26 a stress-suppressing
pad layer 27 a centrifuge-restraining surface for SS 28 a
suction inlet of a centrifugal pump 29 an impeller groove
of the centrifugal pump 30 a shuttle-shaped gear 31 a
shuttle-shaped toothed disc 32 a concentric toothed disc
with multiple cones 33 a transmission shaft 34 a conic

gear 35 a reverse-shifting gear 36 a variable-tooth cylin-
drical gear 37 a tooth-and-groove wheel with conic teeth
on the circumference 38 a cylindrical gear 39 a variable-
tooth conic gear body 40 an assistant wheel body (I) 41
an assistant wheel body (II) 42 a conic disc tooth-and-
groove wheel 43 a variable-tooth conic gear 44 a shifting
lever 45 a sun gear 46 a planet gear 47 a rotary pair 48
a large tooth-and-groove wheel of the inner meshing type
49 a displacement pair 50 a planet bracket 51 a variable-
tooth gear body of the type of returning in an oblique
direction 52 an assistant flat disc wheel body of the type
of returning in an oblique direction 53 an assistant inner
conic disc wheel body of the type of returning in an oblique
direction 54 a variable-tooth flat disc gear of the type of
returning in an oblique direction 55 a variable-tooth inner
conic disc gear of the type of returning in an oblique di-
rection 56 a double sided conic disc tooth-and-groove
wheel 57 a conic disc tooth-and-groove wheel with inner
and outer meshing surfaces 58 a SS 59 a SS holder 60
a multiple-ring variable-tooth conic gear (conic disc) 61
Mode A driving belt 62 a multiple-ring variable-tooth conic
gear body 63 a wheel basic body (I) 64 a meshing support
block 65 a belt base 66 an enforced layer 67 a wheel
basic body (II) 68 a layered wheel body 69 Mode B driving
belt 70 a multiple-ring conic wheel body of one piece 71
a free SS holder 72 an installation hole for SS holders
73 a narrow metal block 74 a wide metal block 75 a metal
ring 76 a chain pin 77 a chain plate 78 a meshing block
79 a strengthened steel wire 80 Mode A support metal
sheet 81 Mode A fill metal sheet 82 a parted metal ring
with convex and concave grooves 83 a coupling body for
metal belt 84 a recessed shoulder 85 Mode B support
metal sheets 86 Mode B fill metal sheets 87 a metal ring
comprising positioning grooves in the middle 88 Mode C
support metal sheets 89 Mode C fill metal sheets 90 a
metal ring with convex-concave grooves on both sides
91 Mode D fill metal sheets 92 Mode D support metal
sheets 93 a sliding-needle holder of a circular shape 94
a sliding-needle 95 a sliding-needle holder of a rectangle
shape 96 a belt with nipping teeth and grooves 97 a sup-
port conic disc 98 a double-sided conic disc 99 a SS
wheel body for translations 100 Mode A fill SS of returning
via elastic force type 101 Mode A support SS of returning
via elastic force type 102 Mode B support SS of returning
via elastic force type 103 Mode B fill SS of returning via
elastic force type 104 a parted wheel body with small
taper 105 a conic toothed ring with inner and outer mesh-
ing surfaces 106 a cylindrical toothed ring with an inner
meshing surface 107 a cylindrical toothed ring with inner
and outer meshing surfaces 108 a cylindrical toothed ring
with an outer meshing surface 109 a returning spring wire
110 a gas flow hole 111 a fixing bracket 112 a roller 113
a rotary shaft roller wheel 114 a revolution bracket 115
a transmission spline 116 a planet conic gear 117 a sun
conic gear 118 a tooth block coupling string 119 a convex
tooth block 120 a concave tooth block 121 a stretching
string 122 a stretching device 123 a radial rail 124 a tooth
segment 125 a step tooth segment 126 a gear with a
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constant mesh tooth-and-groove disc 127 a shifting push
lever 128 a thrusting bearing 129 a mobile tooth-and-
groove disc 130 a positioning and coupling pin 131 a SS
wobble-disc 132 a bolt 133 a coupling sleeve with teeth
and grooves on the inner loop 134 a SS grooved wheel
135 a SS conic disc (with multiple rings or a single ring)
136 a coupling sleeve with a tooth-and-groove conic disc
137 a traction belt 138 a velocity-locking block 139 a
pressing device 140 a planet wheel outer loop 141 an
idler wheel 142 a length-variable coupling body 143 a
constraining ring 144 a wheel body without a stop boss
145 a driving shaft 146 a radial rail 147 a conic disc 148
an infinitely meshing device unit 149 a sliding spline 150
a casing (a framework) 151 a driving belt/chain with teeth
on the inner side 152 an idler wheel 153 a bottom stop
seat of a SS holder 154 a returning spring (a flat spring
plus a corrugated spring) 155 a meshing unit carrier (or
a beam for a SS holder) 156 a SS 157 a sliding-block
158 a metal block 159 a metal ring 160 a metal block of
a fill type 161 a metal block of a meshing type 162 a
synchronous metal belt of a hole meshing type 163 a
stretching spring 164 an outer wall surface of a conic disc
165 an inner wall surface of a conic disc 166 a sliding
groove 167 a cylindrical rolling translation pair 168 a cy-
lindrical guiding groove 169 a driving conic disc 170 a
metal belt (a pressure belt) 171 a driven conic disc 172
an urging wheel 173 a pinion 174 a driving wheel 175 a
large gear 176 a clamping mechanism 177 bodies capa-
ble of infinitely meshing via magnetorheological/electror-
heological fluids 178 a meshing body with a fixed tooth
profile 179 a soft cavity for magnetorheological/electror-
heological fluids 180 a driving belt/chain containing mag-
netorheological/electrorheological fluids on the inner
side 181 a body capable of infinitely varying radius via
magnetorheological/electrorheological fluids 182 a worm
183 a driving belt/chain in a worm rack toothed shape
184 a controller 185 a worm rack 186 a triangular-tooth
driving belt/chain capable of meshing via sliding 187 a
tapered tooth block capable of sliding 188 a guiding mov-
ing pair 189 a rail 190 a wearable adhesive layer 191 an
internal gear ring 192 an external meshing gear 193 an
external meshing tooth segment 194 a guiding arc plate
for seating SSs 195 a flexible structure carrier of meshing
units 196 a radial synchronization controller 197 a screw
198 a nut 199 a recessed conic disc 200 a radius-varying
rotary disc 201 a spiral rail with variable radius 202 a
linkage mechanism 203 a conic gear mechanism 204 a
central guiding and restraining disc 205 an outer conic
disc casing 206 an electromagnetic sucking disc 207 stop
bars against returning and seating of SSs 208 a cam 209
a seating control disc 210 a meshing type steel ring with
teeth on the inner side 211 steel needles 212 steel sheets
213 a deformable meshing unit at a fixed volume 214 a
Mode A main wheel body (I) 215 Mode A support SSs
216 Mode A SSs 217 a Mode A main wheel body (II) 218
a Mode A assistant wheel body 219 Mode B SSs 220 a
Mode B main wheel body 221 a nut fork 222 a speed
adjustment guiding sleeve 223 a Mode B assistant wheel

body

Detailed Description of the Preferred Embodiments

[0018] In the present invention, improvements and in-
novations are made over the disadvantages of the prior
art gearing and CVTs, and a new kind of CVT is provided
to satisfy and adapt for the needs arising from the mod-
ernized industries, in particular from the automobile in-
dustry. It inherits and expands the functions of most prior
art CVTs, and realizes a special "non-friction type gear
meshing continuously variable shifting". The present in-
vention is of a brand new concept of a mechanical CVT
with a high power and a high efficiency (close to the gear-
ing efficiency).
[0019] The technical solution of the invention is as fol-
lows:
[0020] Basic operating principle: the entire operating
surface of the gear is constituted by superposing a large
number of thin SSs (or sliding-needles), such that the
free and infinitely sliding of the SSs can constitute a
meshing tooth profile of any shape. This design idea is
equivalent to discretizing the gear into many micro
sheets, and forming any necessary tooth profiles by their
organized combinations. In this manner, there is formed
a variable-tooth infinitely meshing gear with SSs.
[0021] Because the SSs differ in their sliding direction
and the force acted thereupon, they can freely and easily
deform and adapt timely to the requirement from the cur-
rent meshing tooth profile and engage therewith, so as
to realize infinitely meshing. At the same time, the direc-
tion of the force acted upon the SS when transmitting
power is perpendicular to the free-sliding direction, or the
angle therebetween is within the equivalent friction angle
(to be described later), therefore the SS possesses the
self-locking property. Accordingly, the tooth profile re-
mains unchanged when the SSs are loaded, i.e., the reg-
ular meshing form maintains itself. In this way, the con-
tinuously variable drive through a variable-tooth non-fric-
tional deforming gear meshing is realized, where power
is transmitted via the SSs meshing the corresponding
tooth-and-groove disc. The gist of the variable teeth lies
in the fact that the SSs constituting the tooth profile may
automatically change, at any time, their radial dimensions
in response to variations of the shape of the groove sur-
face in the meshing zone during the rotation of the gear
and the grooved disc. Coincidence in the tooth profile is
maintained throughout. Therefore, the manufacture ac-
curacy on the tooth profiles of the SSs and the grooved
disc could be very low, thus obviating the need of tooth
grinding and being capable of running-in. In addition, it
is more suitable for high-speed applications.
[0022] Nomenclature: (be noted that all relevant terms
are defined herein for later references)

* a support SS: generally means the SS that contacts
the wall of the SS holder to transmit power.
* a fill SS: generally means the SS that contacts the
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support SS to transmit power. (Refer to Fig. 46 and
the relevant illustrations.)
* an effect-equivalent SS (i.e., the same type SS):
the SS with the same shape and the same assembly
direction, that is, the SSs of the same shape being
arranged in the same direction. The SSs with the
same shape but assembled in the opposite direction
have different functions, that is, their functions are
not equivalent. For example, the SSs as shown in
Figs. 46.2.2, 46.3.2 are different types of SSs,
though they are of the same shape in pairs. Their
corresponding SS group is referred to as "a support
SS group" and "a fill SS group".
* a SS group: namely the basic unit set of the SSs
(the basic unit set of the sliding needles may be
called a sliding-needle beam, see Fig. 34 and the
following descriptions) is the grouped set of effect-
equivalent SSs, that is, the set constituted by super-
posing a plurality of SSs with the same shape in the
same direction. The SS group may be classified into
the support SS group and the fill SS group.
* a ring of SS groups: the SS set assembly consti-
tuted by combining several SS groups to perform an
operation cycle independently (for example, the set
of all the SSs shown in Fig. 2 are referred to as one
ring of SS groups). The rings of SS groups include
the spaced ring of SS groups, wherein there is a
spacing between the SS groups (see Fig. 26 and
Fig. 45; wherein Fig. 26 shows a spaced type with
multiple rings, and Fig. 45 shows a spaced type with
a single ring), and generally the SS groups in the
spaced ring of SS groups are of the same type; and
the continuous ring of SS groups, wherein the SS
groups contact one another and have no spacing
therebetween, therefore being in the form of a ring
with the SS groups being densely arranged (as
shown in Fig. 2). In general, the continuous ring of
SS groups is made up of alternately arranged SS
groups of different types, involving "a support SS
group" and "a fill SS group".
* a SS holder: the grooved holder like chamber in
the variable-tooth gear body used to place, restrain
and constrain the SS group. The restraining and con-
straining holders corresponding to "a support SS
group" and "a fill SS group" are "a support SS holder"
and "a fill SS holder", respectively.
* a ring of SS holders: it is made up of a plurality of
SS holders. The ring of SS groups is arranged in the
ring of SS holders. (The variable-tooth gear shown
in Fig. 2 includes one ring of SS holders). The ring
of SS holders involves continuous type (generally
formed by alternately arranging support SS holders
and fill SS holders) and spaced type (generally
formed by SS holders of the same width arranged
at intervals).
* an operation cycle: one rotation of the variable-
tooth gear is an operation cycle.
* a SS assembly: the assembly of all the SSs on a

variable-tooth gear. According to the number of rings
of SS groups on the gear body, it is classified into a
SS assembly of a single ring, in which the SS as-
sembly is constituted by one ring of SS groups (in-
cluding the spaced type with a single ring and the
densely fully arranged type with a single ring), and
a SS assembly of multiple rings, in which the SS
assembly is constituted by multiple rings of SS
groups (including the spaced type with multiple rings
and the densely fully arranged type with multiple
rings).
* a variable-tooth gear with SSFT: a gear which is
made up of combinations of SSs (thin sheets) or slid-
ing-needles (small rectangular post or thin cylinder)
and which may infinitely vary the meshing tooth pro-
files via free sliding. It consists of gear body, at least
one ring of SS groups, wherein the ring of SS groups
is formed by several SS groups, and the SS group
is formed by superposing a plurality of effect-equiv-
alent SSs; SSs can return under a returning driving
force such as gravity, attraction force, repellent force,
elastic force, spring force, electromagnetic force,
centrifugal force, inertial force, hydraulic pressure,
gas pressure, flow impact force from gas, liquid, etc.;
at least one ring of SS holders constituted by SS
holders is provided in the gear body, and the SS
groups are placed in the corresponding SS holders
to constitute a complete ring of SS groups which
function independently, and the SSs can freely move
to a certain extent in the respective SS holders,
therefore the tooth profile of any shape can be ob-
tained by their free moving. Assistant members in-
clude coupling position pins, etc. A variable-tooth
gear generally consists of at least a gear body and
a ring of SS groups, wherein there is at least one
ring of SS holders in one gear body for holding a ring
of SS groups, therefore called "a single-ring type var-
iable-tooth gear" (for example, the variable-tooth
gear shown in Fig. 2 includes a ring of SS groups);
in the same way, as to a variable-tooth gear in which
there are multiple rings of SS holders in a gear body
for holding a plurality of rings of SS groups, it will be
referred to as "a multiple-ring type variable-tooth
gear" (see Fig. 26).

[0023] In general, variable-tooth gears may be classi-
fied into: variable-tooth cylindrical gears (see Fig. 2), var-
iable-tooth conic gears (see Fig. 17), flat disc type vari-
able-tooth gears (see Fig. 20.1), and inner conic disc type
variable-tooth gears (see Fig. 20.2). Each type may be
further subclassified into a single-ring type variable-tooth
gear and a multiple-ring type variable-tooth gear.
[0024] It can be classified into two main categories,
i.e., a category of "returning in the same direction" and
a category of "returning in an oblique direction", accord-
ing to the trajectories of the SSs. The category of return-
ing in the same direction means that the returning trajec-
tories of the SSs are in the same direction as the returning
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driving force (for example, centrifugal force); The cate-
gory of returning in an oblique direction means that the
returning trajectories of the SSs deviate from the direction
of returning driving force (for example, centrifugal force)
with an angle formed therebetween (shown in Figs. 20
and 29 is a category of returning in an oblique direction).
[0025] It can also be classified into a spur SS type and
a bevel SS type, according to the arrangement orienta-
tion of the SSs (the difference therebetween somewhat
similar to that between a spur gear and a bevel gear).
[0026] It can also be classified into a spaced type and
a densely fully arranged type (or continuous type), ac-
cording to the arrangement manner of the SS groups in
the ring of SS groups.
[0027] It can also be classified into a single-ring type
and a multiple-ring type, according to the number of rings
of SS groups in the gear body, these two types may be
further subclassified into a single-ring spaced type, a sin-
gle-ring densely fully arranged type and a multiple-ring
spaced type, a multiple-ring densely fully arranged type,
respectively.
[0028] It can also be classified into an outside support
type, an outside interaction crossing support type, a cen-
tral support type, a central interaction crossing support
type, an outside and central support type, and an outside
and central interaction crossing support type (see Fig.
46), according to the embedding and insertion manner
of the SSs into the gear body.
[0029] And according to the form and the manner of
the returning driving force acting on the SSs, it can be
classified into returning types via gravity, attraction force,
repellent force, elastic force, spring force, electromag-
netic force, magnetic force (including attraction force and
repellent force), centrifugal force, inertial force, hydraulic
pressure, gas pressure, flow impact force from gas, liq-
uid, etc. The eight arrows as shown in Fig. 23 indicate
returning driving forces of gravity, attraction force, repel-
lent force, elastic force, spring force, electromagnetic
force, centrifugal force, inertial force, hydraulic pressure,
gas pressure, flow impact force from gas, liquid, etc.,
under which the SSs come into close contact with
grooves of meshing teeth so as to implement infinitely
meshing. Theoretically speaking, spring force falls into
the category of elastic force. However, in practice, the
mechanisms of spring force and elastic force are consid-
erably different from each other. The returning via spring
force involves urging the SSs to return by means of
springs, which is of a free returning type, as the automatic
elastic returning SSs shown in Fig. 23.1; while the return-
ing via elastic force generally depends on the elastic forc-
es from external bodies to urge, so as to perform return-
ing. For example, the returning manner by clamping the
SSs from opposite directions via convex-concavely en-
gaging teeth and grooves of two tooth-and-groove
wheels is a returning type via elastic force, and is also a
passive returning type (as shown in Figs. 35 and 36, the
returning of the SSs is carried out by convex-concavely
engaging the grooved discs, the underlying principle be-

ing similar to that of the prior art SS formed chains. There-
fore, it can be classified into a SS free returning type and
a SS passive returning type, according to the returning
characteristic of the SSs.

* returning: means the moving process of the SSs,
during its operation, to return to the position where
meshing occurs, or its motion trend to do so, under
the effect of the returning driving force. It is classified
into a free returning type and a passive returning
type, according to the returning driving force. In gen-
eral, the returning under elastic force is a passive
returning; the returning under gravity, attraction
force, repellent force, spring force, electromagnetic
force, centrifugal force, inertial force, flow impact
force from gas, liquid, etc. is a free returning type.
For example, cases where the SSs of a variable-
tooth cylindrical gear move outward in the radial di-
rection of the gear body, or its motion trend to do so,
under the free returning driving force (a centrifugal
force), and where a gas pump is employed to lubri-
cate as shown in Fig. 6-A, resulting in returning under
both a centrifugal force and a gas impact force, are
both free returning; in contrast, the case where re-
turning under the elastic nipping force arising from
convex-concavely engaging teeth and grooves of
two tooth-and-groove discs is a passive returning,
the underlying principle being similar to that of prior
art "SS formed chains". That is, the convex teeth and
the concave grooves clamp the SSs from the oppo-
site directions to make them return under elastic
force, and therefore carry out infinitely meshing
transmission.
* constrain: the constraining member provided so as
to prevent the SSs from being thrown out of the var-
iable-tooth gear body due to the free returning driving
force, such as, stop leg for SSs 25 and outer con-
straining ring 23 (the former belongs to a constrain-
ing-from-within type, and the latter belongs to a con-
straining-from-outside type).
* tooth-and-groove wheel: the wheel disc which can
mesh with the variable-tooth gear, its working disc
surface consists of teeth and grooves, and the con-
vex portions are called tooth, the concave portions
are called grooves. The tooth-and-groove wheel and
the variable-tooth gear cooperating therewith are the
two key components of this type of CVT. The tooth-
and-groove wheel may be classified into a flat disc
type and a conic disc type according to the shape of
the working disc surface.
* a variable-tooth rack with SSFT: characterized in
that comprising a rack body, and at least one pack
of SS groups, wherein the pack of SS groups is
formed by one or more SS groups, and the SS group
is formed by superposing a plurality of effect-equiv-
alent SSs; SSs can return under a returning driving
force, such as, gravity, attraction force, repellent
force, elastic force, spring force, electromagnetic
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force, centrifugal force, inertial force, hydraulic pres-
sure, gas pressure, flow impact force from gas, liq-
uid, etc.; at least one pack of SS holders constituted
by a set of SS holders is provided in the rack body,
and the SS groups are placed in the corresponding
SS holders to constitute a complete pack of SS
groups which function independently, and the SSs
can freely move to a certain extent in the respective
SS holders, therefore the tooth profile of any shape
can be obtained by the free moving of SSs. It involves
a rigid variable-tooth rack (for example, a velocity-
locking block containing SSs, see Fig. 44) and a flex-
ible variable-tooth rack (for example, a SS type ten-
sion conveyance belt, see Figs. 33 and 34).
* tooth-and-groove bench: the bench which can
mesh with the variable-tooth rack, its working bench
surface consists of teeth and grooves, and the con-
vex portions are called teeth, the concave portions
are called grooves. The tooth-and-groove bench
may be classified into a flat disc type and a conic
disc type according to the shape of the working
bench surfaces. It may also be classified into a rigid
tooth-and-groove bench and a flexible one (for ex-
ample, a traction belt with teeth and grooves, see
Fig. 44).
* self-locking meshing: the "self-locking meshing
property" herein particularly means the meshing
characteristic that the contact angle θ between the
SS and the wall of the meshing groove is smaller
than the equivalent friction angle. It is noted that, in
case of a rotary shaft roller variable-tooth gear CVT,
the contact angle refers to the angleθbetween the
SS and the generatrix of the revolution surface of
the meshing roller. (Detailed analyses are referred
to Fig. 24 and the relevant explanations.) When the
direction of the force acted upon the SS when trans-
mitting power is perpendicular to the free-sliding di-
rection (i.e., the contact angle between the SS and
the wall of the meshing groove θ=0), or the angle θ
therebetween is within the equivalent friction angle,
the SS mechanism possesses the self-locking prop-
erty. In this case, even if there were no force acted
upon the SS, the SS would not skid during the proc-
ess of transmitting power. This desirable property,
combined with the synthetic effects between the SS
and the wall of the SS holder, makes the perform-
ance of transmission via SS meshing very stable. In
fact, with the aid of friction force and the returning
driving force for the SS, together with the synthetic
effects that the force acting upon the SS is oblique
(for example, the force direction of the SS special-
ized for the bevel variable-tooth gear is different from
the sliding direction, to the effect that the self-locking
property of the SS is further improved and the relia-
bility of meshing is increased), θ may be increased
to surpass the equivalent friction angle, with the pre-
condition that the SS maintains its self-locking. This
allows for increasing the thickness of the SS, so as

to increase the load capacity, extend its service life
and lower the cost. The meshing reliability at the time
thatθ equals to zero is optimal. However, if the SS
is relatively thick, the property of infinitely meshing
is not quite well. Actually, when the thickness of the
SS is not neglected, the meshing is somehow a
staged meshing. Therefore, in order to realize the
actual infinitely meshing, θ may be slightly large. In
this case, a reliable meshing infinitely transmission
without sliding can still be realized via the self-locking
property of the oblique surface. Thus, the effective
use of this "self-locking property" can optimize the
property of continuously variable drive, and realize
infinitely transmission while suitably increasing the
thickness of SSs.
* principle of progressive differential (the principle of
progressive toothwise differential, also called "pro-
gressive differential effect"): its purpose is to make
the meshing states of the SSs complement with each
other to the most sufficient extent, thus to achieve
the most uniform meshing, uniform force distribution,
and uniform wearing. In this way, the largest opera-
tion potential of the SSs and the meshing members
in the whole system, the largest meshing load ca-
pacity and the power capacity can be exploited. The
stability and reliability of the transmission can be in-
creased. The arrangement of all the meshing points
of the SS type gear and the tooth-and-groove disc
should conform to "the progressive differential prin-
ciple" in so far as possible (see Fig. 15 and relevant
illustrations).
* continuously variable radius: i.e., continuously var-
ying radius, for example, as shown in Fig. 47, the
drive belt superposed on the surface of the conic
disc and the arbitrary axial displacement of the conic
disc can be utilized to change the spacing, so as to
allow the drive belt to work at any continuous radius,
which implements continuously variable radius.
* infinitely meshing: i.e., arbitrary meshing, the mesh-
ing body SSs in the infinitely meshing device as
shown in Fig. 47 may mesh with the convex and con-
cave meshing teeth located on the inner side of the
driving belt to implement transmission via infinitely
meshing.
* operation separated and effect combined: that is,
the operations are separated and the effects are
combined. The CVT of the operation separated and
effect combined type as shown in Fig. 47 separates
the operation of continuously variable radius from
the operation of infinitely meshing, but the effects
are combined, to the effect that a desirable continu-
ously variable transmission of meshing type is real-
ized. Furthermore, this transmission has features of
high accuracy, uniformity, stability and high efficien-
cy.

[0030] The present invention has the following fea-
tures and advantages:
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[0031] The transmission realizes, in a real sense, the
concept of "continuously variable transmission via gear
meshing". It has such advantages as simple structure,
low cost, and high reliability. The whole continuously var-
iable transmission is a one-stage transmission. It is read-
ily to carry out forward and reverse output with transmis-
sion chains equal and short, allowing for a high efficiency.
The variable-tooth gear of SS type is a gear that meshes
in an infinitely deforming manner. Its requirements on the
accuracy of meshing teeth and grooves are very low, and
it imposes no requirements on the machining accuracy
of tooth pitch and tooth profiles. Therefore highly efficient,
inexpensive and massive production, such as casting,
can be employed, resulting in a low cost. In addition, the
accuracy of machining and assembling will not signifi-
cantly affect the transmission performance, and the per-
formance will be improved even further after running-in.
The SSs have the function of self-compensating for wear-
ing. It also has long life endurance, and works quietly. It
is well adapted for high speed applications.
[0032] The cost of the proposed CVT is less than 1/5
of that of the prior art metal belt CVTs for vehicles, while
presenting a much better overall performance than the
prior art CVTs. The proposed CVT has only two key com-
ponents, resulting in a simple structure and a compact
size. The cost of the whole gear box is even lower than
that of the manual spur gear box without a synchronizer,
the cost of which is thought to be the lowest heretofore.
In general applications, it can completely replace gear
shifting in terms of transmission performances. Its special
CVT features make it a trend to substitute for the currently
most widely used gear shifts. As compared with prior art
CVTs, its features are even more significant. Due to its
excellent overall features, it can replace and broaden all
CVTs employed in applications of high, medium, small
and minute power.
[0033] The key point that determines the load capacity
of this kind of CVT is the meshing zones of the SSs and
the grooved disc. This is also a weak point of the whole
transmission link. Volumes of the other components
should be made as small as the principle of equal power
matching allows. The design is in accordance with the
principle of equal load of power flow, but the load capacity
thus generated is comparable to the load that can be
realized by gearing (tooth profiles are fixed in gearing,
thus transmission is performed via line contact in rotary
meshing). The meshing area in the case of a variable-
tooth gear of a SS type is larger than in the case of a
gear. All SSs form an integral closed elastic ring, which
is equivalent to bundling all the SSs in a closed force-
receiving object. This phenomenon in combination with
the interdependence with the rigid tooth-and-groove
wheel achieves the effect of "rigidity-flexibility combina-
tion, variable tooth locking", which eliminates, to the larg-
est extent, the occurrence of cantilever beam being acted
upon by forces (this situation is similar to the case where
elastic planar thin steel sheets are padded in rigid steel
members.), therefore, theoretically, the resulting load ca-

pacity is equal to the load that can be endured by an
integral steel ring in its circumferential direction, thus gen-
erating a very strong load capacity. In the case of a var-
iable-tooth gear with SSFT, the tooth profiles may, at any
time, vary according to meshing areas in a manner of
"forming groove upon tooth contacting". The number of
meshing points between the teeth/grooves and all the
working SSs are enlarged to the largest extent. Particu-
larly in the zone where the pressure angle is minimal and
therefore surface contact occurs, the contact stresses
are low. In addition, the feature of performing transmis-
sion via meshing at the presence of a centrifugal force
as the returning force imparts the proposed variable-
tooth gear with SSFT much more reliable in high speed
applications, therefore much more suitable for require-
ments from high speed and large power applications.

Series of variable-tooth cylindrical gear CVTs

[0034] Fig. 1 is the structure diagram of a variable-
tooth cylindrical gear CVT.
[0035] Fig. 2 is the structure diagram of the outer shape
of a variable-tooth cylindrical gear.
[0036] Fig. 3 is the structure diagram of the variable-
tooth cylindrical gear body.
[0037] Fig. 4 is the structure diagram of the SS for the
variable-tooth cylindrical gear.
[0038] Fig. 5 is the diagram showing the inner structure
of the variable-tooth cylindrical gear.
[0039] Fig. 6 is the plan view showing the inner struc-
ture of the variable-tooth cylindrical gear.
[0040] As shown in these figures, an input shaft is cou-
pled to a tooth-and-groove wheel. The variable-tooth
gear is coupled to an output shaft via guiding splines or
splines. The variable-tooth gear can freely move in the
axial direction while transmitting torques, therefore infi-
nitely vary the meshing radius with the tooth-and-groove
wheel to perform continuously variable transmission (A,
B and C in Fig. 1 indicate the forward zone, the reverse
zone and the neutral zone, respectively).
[0041] The variable-tooth cylindrical gear is composed
by a gear body and a ring of SS groups. The ring of SS
groups is constituted by several SS groups, and SS
groups are formed by superposing SSs of the same type
in the same direction. SSs can freely return under the
returning driving force of an inertial centrifugal force
(gravity, attraction force, repellent force, elastic force,
spring force, magnetic force, electromagnetic force, in-
ertial force, flow impact force from gas, liquid). SSs are
generally classified into two categories, that is, support
SSs and fill SSs. The gear body is generally configured
by superposing two halves, each half consisting of re-
straining wall surfaces for support SSs and fill SSs, po-
sitioning and supporting stop bosses, centrifuge-restrain-
ing surface for SS, SS retracting seat restraining surface ,
superposing surface of a wheel and a disc, and position-
ing pin hole, etc. The two halves constitute a complete
gear body when superposed on each other. The SS re-
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straining wall surfaces, the positioning and supporting
stop bosses, centrifuge-restraining surface for SS, SS
retracting seat restraining surface and the like, are su-
perposed face to face so as to form a ring of SS holders.
The positioning pins are inserted into positioning pin
holes to assure that respective SS holders do not dis-
place. The two halves can be further fastened via bolts.
The support SS groups and the fill SS groups are alter-
nately densely located in the corresponding SS holders.
The SSs can freely move to a certain extent in the re-
spective SS holders, therefore the tooth profile of any
shape can be obtained by their free moving.
[0042] The tooth-and-groove wheel is the wheel disc
that meshes with the variable-tooth gear. The working
disc surface consists of teeth and grooves, and the con-
vex portions are called teeth, the concave portions are
called grooves. The tooth-and-groove wheel and the var-
iable-tooth gear cooperating therewith are the two key
components of this type of CVT. (Refer to Figs. 10 and
11 for more details about general types of the tooth and
groove patterns of the tooth-and-groove wheel disc sur-
face.)
[0043] During operation, SSs move centrifugally (or
have the tendency to move centrifugally), under the driv-
ing effect of the inertial centrifugal force, toward the outer
radial circumference. At the presence of stop legs for
SSs or constraining rings, all SSs freely return to posi-
tions at the same radius and remain there. The SSs that
contact the tooth-and-groove wheel disc surface undergo
conforming deformation in response to the urging from
the convex and concave pattern, and thus forming mesh-
ing tooth surfaces that match the convex and concave
pattern. As the rotation of the tooth-and-groove wheel
rotates the variable-tooth gear, new SSs contact the disc
surface of the tooth-and-groove wheel, move in the radial
direction and form grooves upon contacting teeth, there-
fore become meshed therewith to implement continuous
transmitting power output.
[0044] In general, the design radial dimension of free
centrifugal returning at the state of SSs separating from
the tooth-and-groove wheel is larger than that in the case
of SSs meshing with the tooth-and-groove wheel, there-
fore the SSs can be automatically compensated after
they are worn shorter, namely, the SSs have a feature
of "self compensation for wearing". Even when the design
of the radial dimension of free centrifugal returning at the
state of SSs separating from the tooth-and-groove wheel
is equal to or smaller than that in the case of SSs meshing
with the tooth-and-groove wheel, wearing to a certain
extent will not affect the normal operation, therefore the
gear enjoys a long endurance.
[0045] When the SS type variable-tooth gear acts as
a driving gear, the SSs are in a pressed loading state
before they mesh with the tooth-and-groove wheel, thus
this is unfavorable for their sliding and deforming. Due
to this reason, the variable-tooth gear preferably acts as
a driven gear. The variable-tooth gear of returning under
centrifugal force should be first started at small loads.

When the rotary speed reaches the lower limit of the cen-
trifugal rotary speed (120 to 200 rpm), it can work at an
increased load. The idle speed of the engine is larger
than the rotary speed required by the SSs to move cen-
trifugally, so the variable-tooth gear can work properly
under all working circumstances. If assistant returning
devices (for example, to assist returning before the start
via gravity, elastic force, electromagnetic force, flow im-
pact force, etc.) are added, then it can be started at an
increased load. For example, an electromagnet or a per-
manent magnet can be provided on the tooth-and-groove
wheel disc or at a place corresponding thereto to attract
the SSs to return, so it can be started at an increased
load regardless of the gravity. Alternatively, a permanent
magnet or an electromagnet can be provided inside the
variable-tooth gear body, thus the SSs are all permanent-
ly magnetized or electrically magnetized so as to move
outwards to implement returning via a magnetic force.
Alternatively, returning can be performed via the mag-
netic induction interactions between the magnetic field
and the inducing current induced by the moving of SSs
in the magnetic field (or alternate electromagnet field).
[0046] A central recess 9 can be provided in the center
of the tooth-and-groove wheel, thus, the variable-tooth
gear can smoothly move across, when it moves in the
axial direction along the output shaft, the central region
of the tooth-and-groove wheel to implement a reverse
transmission. The central region is a neutral zone. The
distribution of the shifting zones is schematically indicat-
ed in Fig.1.
[0047] In order to prevent the fill SSs when pressed
from pushing their way into the support SS group holders
such that the support SSs and the fill SSs are confused
in terms of their positions, a thick SS can be additionally
provided at each end of the individual fill SS groups. At
the same time the thick SSs serve to reinforce and en-
large the load capacity (for the same reason, two SSs at
the outer sides of each of the SS groups as shown in Fig.
46.4.2 may be thick SSs). In case that the fill SSs push
their way into the support SS group holders, they may
be thrown out of the gear body. To eliminate this risk, the
stop legs of the fill SSs may be designed to have the
same length as the support SSs (as the Mode C SSs
shown in Fig. 4). In order to simplify the structure, the
SSs may also employ a design pattern of one-sided stop
legs (as the Mode B SSs shown in Fig. 4).
[0048] To eliminate the phenomena that may occur be-
tween the SSs and the tooth-and-groove wheel, the
curved contour of meshing surface between the SSs and
the tooth-and-groove wheel may be modified into a
straight contour (as the Mode D SSs shown in Fig. 4, and
see Fig. 46.11 for other modes).
[0049] In order to lower requirements on the machining
and fitting accuracy of the two halves of the variable-tooth
gears, SSs of one-sided support type may also be em-
ployed (see the E Mode SSs shown in Fig.4), their cor-
responding variable-tooth gear body is a wheel body
without a stop boss 144, which is superposed with the
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gear body 3 having a stop boss to serve the purpose of
restraining and positioning the SSs. (see Fig. 4.1).
[0050] The design principle of the spacing between the
teeth and spacing between the SS groups is such that
the former is not a multiple of the latter and vice versa.
As a result, the SSs may operate in accordance with the
"progressive differencing principle" when meshing with
the grooves, and therefore the transmission stability is
improved. (This principle is also applicable to the follow-
ing variable-tooth conic gear. The SSs at both sides of
the same radius may also be positioned in a staggered
manner. See Fig. 15 for the "progressive differencing
principle").
[0051] A lubricant hole (or a lubricant slit) can be pro-
vided on the gear body in order to improve lubrication.
The effect of "centrifugally pumping oil" in the lubricant
passageway during rotating is utilized to lubricate the
SSs and to lower their temperatures, such that the SSs
are lubricated by an oil film. Inside the gear body can be
provided a centrifugal pump (as shown in Fig. 6-A). At
the state of super high rotary speed, the manner of
"pumping oil" may become "pumping gas". The pumped
gas flow is introduced into the region between the SSs
and lubricates this region via the floating gas. Thus lu-
brication via air cushion effect is realized. Heat diffusion
is as well conducted while lubricating. At the same time,
the impact force from the gas flow additionally serves to
assist returning. When the external gas source is em-
ployed to lubricate via floating gas, the gas flow can be
introduced to return the SSs even when the variable-
tooth gear is at rest, to the effect of eliminating the influ-
ence from gravity. In such way the requirement of on-
load starting can be satisfied. The centrifugal pump struc-
ture can also be used to lubricate via pumping oil, but
the displacement should be consequently decreased to
decrease the power loss. In addition, improved lubrica-
tion may be utilized, and the traveling distance of the SSs
may be shortened, so as to make it more suitable for
reliable operations in high speed applications.
[0052] In order for the system to be started reliably
without any other aids, a friction traction ring 22 may be
provided at the outer edge of the variable-tooth gear.
Frictional transmission by means of a slight pressing
force may occur between two wheel surfaces so as to
ensure that the traction force occurs at the time of start-
ing. In order to lower wear and obviate the device for
pressing to simplify the mechanism, the frictional traction
ring may be made by elastic materials such as rubber
etc (for example, a traction ring made of rubber is em-
bedded into the surface of the variable-tooth gear so as
to achieve elastic pressing). In addition, this device is
favorable for reducing noise (as shown in Fig. 6), and
can be used to assist in starting (for example, first the
frictional traction is utilized, and then the SS wheel is
adjusted into the tooth and groove zones to participate
in meshing and transmission, in this way, the impact force
of the SSs can be eliminated and the noise is reduced).
Furthermore, an overrunning clutch can be employed to

actuate starting. The overrunning rotary speed is the ro-
tary speed of the lowest shift. That is, the overrunning
clutch works at the time of starting, and once the SSs
enter the operation and the rotary speed becomes larger
than the rotary speed of the lowest shift, the clutch comes
into the overrunning state. In fact, even at rest, many SSs
are in the meshing state (when in a vertical arrangement,
the SSs at the bottom will return under the effect of grav-
ity; and when in a horizontal arrangement, the SSs were
previously in the meshing state remain their meshing
state). Thus, starting is not a problem to this mechanism.
It is not necessary to provide an additional assistant start-
er, such as the friction traction ring or the like, for a typical
transmission.
[0053] In the case where the lubrication condition is
excellent, the SS wheel may act as a driving wheel. Thus
starting is not a problem at all. At this time, it has a more
robust adaptability for applications. The variable-tooth
gear of SS type operates exactly at the most outer edge
of the tooth-and-groove disc when it outputs large torque
at a low speed. Therefore, its curvature and geometric
sliding motion are small, and the number of the SSs in
the meshing state is large. However, since the SSs may
slide in a meshing state when loaded, the lubrication con-
dition should be very good. The variable-tooth gear may
be classified into a spur variable-tooth gear of SS type
and a bevel variable-tooth gear of SS type, according to
the meshing profiles of the SSs. Fig. 6-B shows the struc-
ture diagram of a bevel variable-tooth gear of SS type.
Its transmission mechanism is similar to that of the trans-
mission by a bevel gear. Readers are referred to Fig. 11-
C and 11-D for the tooth patterns of the tooth-and-groove
disc of a bevel variable-tooth gear of SS type. It is well
adapted for the transmissions of the types shown in Figs.
30 and 40.
[0054] Fig. 8 is a structure diagram of SSs with different
shapes.
[0055] In applications requiring high accuracy, the
dense arrangement combinations of SSs with different
shapes (as shown in Fig. 8-A) or the combinations of the
SSs with the same sector section (as shown in Fig. 8-B)
may be utilized to reduce the circumferential play due to
the radial motions of the SSs.
[0056] Fig. 10 is a schematic view of the distribution
of the tooth and groove pattern of gear wheels (I), wherein
the hatched portions in the tooth-and-groove disc repre-
sent the portion of convex teeth. They may also represent
the groove portions.
[0057] The type of the tooth and groove patterns as
shown in Fig. 10-A is the most widely used single tooth
pattern of a radically radiating shape. It is simple in the
structure and easy to manufacture. However, its trans-
mission performance varies greatly as its radial dimen-
sion changes.
[0058] The tooth and groove patterns shown in Figs.
10-B, D, E, F are improved to different extents, so that
its transmission property is relatively stable. In fact, the
texture of the tooth-and-groove disc can be very fine.

45 46 



EP 1 811 205 A1

25

5

10

15

20

25

30

35

40

45

50

55

Generally speaking, the areas of the concave grooves
are relatively large, and the widths of the concave por-
tions are larger than the convex portions, to the effect
that the number of the SSs coming into meshing state
becomes larger. That is to say, "the convex tooth surfac-
es are narrow, and the concave groove surface is wide".
This assures that the number of the SSs coming into
meshing state increases significantly. Since the teeth and
grooves on the grooved disc are fixedly coupled to the
disc body, and the projecting height is very small, the
strength is sufficient even at the portion where the wall
thickness is small.
[0059] Fig. 14 is a schematic view of a transmission
with multiple-phase variable-tooth gears in parallel; and
Fig. 15 is a view for analyzing the progressive difference
arrangement of multiple-phase variable-tooth gears in
parallel.
[0060] The combination designs with multiple-phase
sets can be employed to further increase the load capac-
ity. As a rule, a parallel coupling may increase power (as
shown in Figs. 16-A, B, E), and a series coupling may
increase transmission ratio (as shown in Figs. 16-C, D).
[0061] Fig. 14 is a schematic view of the transmission
with multiple-phase variable-tooth gears in parallel. It can
increase the load capacity three times. It is required that
the three variable-tooth gears coincide in the radial po-
sition of the tooth-and-groove wheel. In addition, the
transmission shaft 33 can also serve as a shunt power
output shaft. In this kind of embodiments with multiple-
phase sets, all the meshing points of the SSs in the whole
system (these points being the force-receiving points of
the variable-tooth gear of SS type that come into meshing
to transmit power; 3 meshing points in Fig. 14 and 2
meshing points in Fig. 16-A) may be arranged in accord-
ance with "the progressive toothwise differential princi-
ple".
[0062] As to "The progressive toothwise differential
principle"(or, in short, the progressive differential princi-
ple), in general, if the variable-tooth gears are uniformly
distributed in the circumference where the tooth-and-
groove disc locates, they conform to the following prin-
ciple (except for the situations of non-uniform distribu-
tion):

(1) when the number of the tooth-and-grooves is a
multiple of the number of the meshing points, there
is no tooth differential, and the transmission is a
meshing transmission of synchronous, uniform and
constant state type;
(2) when the number of the tooth-and-grooves is not
a multiple of the number of the meshing points,

(A): when the number of the tooth-and-grooves
and the number of the meshing points do not
have a common factor, the transmission is a
meshing transmission of progressive toothwise
differential type;
(B): when the number of the tooth-and-grooves

and the number of the meshing points have a
common factor, the transmission is a meshing
transmission of a grouped progressive tooth-
wise differential type, and the number of groups
equals the largest common factor.

[0063] In conclusion, in order to improve the transmis-
sion property, the distribution state of the variable-tooth
gears should conform to the progressive toothwise dif-
ferential type, and in order to improve further the stress
distributions, the grouped progressive toothwise differ-
ential type may be employed. At the same time, in order
for the transmission to be further stable, it is desirable to
increase the number of the progressive toothwise differ-
ential in each group, that is, the total number of the mesh-
ing points is increased.
[0064] Note: the number of tooth-and-grooves 
the total number of teeth or grooves, the number of the
meshing points  the number of force-receiving ar-
eas of the variable-tooth gear of SS type that may enter
the meshing state to transmit power.
[0065] As shown in Fig. 15 is a view for analyzing the
progressive difference arrangement of multiple-phase
variable-tooth gears in parallel. Analyses are performed
taking Fig. 15 as an example. The number of tooth-and-
grooves is 20. If the meshing points are the points of a,
b and c, the arrangement is of progressive toothwise dif-
ferential type. In this case, the teeth and grooves sweep
through the axes of the three variable-tooth gears one
by one, and the effect of the meshing transmission is
stable. The three variable-tooth gears operate alternate-
ly, resulting in a stable power output. If the meshing points
are the points of a, b, c, e, f and g, the arrangement is of
grouped progressive toothwise differential type, with a-
f, b-g, and c-e constituting a group, respectively. The
meshing effect in each group is substantially symmetri-
cal, which is desirable for further improving the stress
distributions of the whole system, suppressing the vibra-
tion noise and optimizing the dynamic balance.
[0066] At the same time, the design of the distances
between the SS groups of the variable-tooth gears them-
selves should also conform to this principle. That is to
say, the span of the variable-sheet group is not a multiple
of the width of the groove pattern, and vice versa. In this
way, the wearing of each variable-sheet due to force is
made uniform.
[0067] Fig. 16 is a schematic view exemplifying the
arrangement of multiple-phase variable-tooth gears.
[0068] Fig. 16-A demonstrates improvements over
Fig. 1. Meshing with the teeth-and-groove disc can occur
at both sides of the variable-tooth gear of the SS type to
output power in coalition. As a result, the ability of trans-
mitting power is doubled, thus achieving the effect of
combining two phases. At the same time, it is also easy
to realize reverse output.
[0069] Fig. 16-B shows improvements over Fig. 14 by
doubling the ability of transmitting power, resulting in the
ability as 6 times as that shown in Fig. 1.
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[0070] In Fig. 16-E, there are tooth and groove patterns
on both sides of the tooth-and-groove disc. The system
is of a single disc, two-sided transmission type, and is
similar to what is shown in Figs. 16-A, B in that all of them
are of multiple-phase in parallel type, and the power is
increased.
[0071] Figs. 16-C, D show the type of multiple-phase
in series. They are used to increase the transmission
ratio.

The series of variable-tooth conic gear CVT

[0072] Fig. 17 is a structure diagram of a variable-tooth
conic gear and its components (I);
[0073] As shown in the figure, two sets of ring of SS
groups are symmetrically arranged on both sides of a
variable-tooth conic gear body 39, with the ring of SS
groups being composed by the SSs specialized for the
variable-tooth conic gear. Each of the two sides of the
variable-tooth conic gear body and one assistant wheel
body (I) in combination form a ring of SS holders, in which
a ring of SS groups is disposed. The operation principle
of its SSs is similar to that of a variable-tooth cylindrical
gear. However, the state of forces acted upon it is such
that the direction of the centrifugal returning force of the
SSs is different from the direction of meshing forces. This
is advantageous to improve the self-locking feature and
reliability.
[0074] Note that this variable-tooth conic gear can dis-
pense with one of its two symmetric halves to form a
single-ring bevel conic gear of the variable-tooth type, as
the variable-tooth conic gear shown in Fig. 19-A.1.
[0075] Fig. 18 is a structure diagram of a variable-tooth
conic gear and its components (II);
[0076] Different from Fig. 17, in the structures shown
in Fig. 18, the SSs on both sides of the variable-tooth
conic gear are designed in a piece so as to simplify the
structures. However, when the SSs are wide, this will
aggravate the mass of the SSs. More significantly, the
SSs on both sides will move synchronically, such that
the meshing property is affected. So it can only be applied
in specific situations. This structure can be modified to a
variable-tooth cylindrical gear only if the central support
SSs of the SSs specialized for a variable-tooth cylindrical
gear are substituted for (see Fig. 46.3.3). It can be seen
that the only difference therebetween lies in the differ-
ences of force-receiving portions and the SSs.
[0077] Fig. 19 is a structure diagram of variable-tooth
conic gear CVT.
[0078] As shown in this figure, this CVT comprises con-
ic disc tooth-and-groove wheels 42, a variable-tooth con-
ic gear 43, a shifting lever 44, a sun gear 45, a planet
gear 46 and the like. An output shaft is fixedly coupled
to the conic disc tooth-and-groove wheels to introduce
power flow. The two conic disc tooth-and-groove wheels
are symmetrically disposed to sandwich a double-ring
variable-tooth conic gears therebetween (double rings of
SS groups are symmetrically arranged on both sides of

the wheel body). The two conic disc tooth-and-groove
wheels mesh with the double rings of SSs of the variable-
tooth conic gear, respectively, so as to implement mesh-
ing transmission to output power. The variable-tooth con-
ic gear and the planet gear 46 are concentrically fixedly
coupled, and are coupled to a planet bracket via a rotary
pair. The rotary axis of the planet bracket is concentric
with the sun gear and the output shaft. The planet gear
meshes with the sun gear. The sun gear is fixedly coupled
to the output shaft. When the transmission ratio remains
unchanged, the planet bracket is stationary. If it is intend-
ed to adjust the speed, the shifting lever is manipulated
to change the position of the planet bracket. Thus the
radial positions of the planet gear and the rotation shaft
of the variable-tooth conic gear vary with respect to the
conic disc tooth-and-groove wheels (at the same time,
the distance between the two conic disc tooth-and-
groove wheels is changed accordingly). In this way, the
transmission ratio is changed. (The schematic structure
diagram of the transmission mechanism can be seen in
Fig. 19-A.3: a planet shifting mechanism.)
[0079] Wherein, any one of the conic disc tooth-and-
groove wheels 42 and the variable-tooth conic gear 43
may serve as "a shifting and displacing wheel", that is,
to change the ratio of the relative meshing radius of both
so as to realize shifting.
[0080] If "a variable-tooth flat disc gear of the type of
returning in an oblique direction" as shown in Fig. 20 is
substituted for the variable-tooth conic gear in this figure,
and the two conic disc tooth-and-groove wheels are also
replaced by flat disc tooth-and-groove wheels, then the
distance between the two flat disc tooth-and-groove
wheels will not change during shifting. This further sim-
plifies the assistant mechanism, and improves reliability.
In addition, a manner of inner meshing may also be em-
ployed so as to improve the meshing property (the ar-
rangement is similar to that in Fig. 36.2).
[0081] Note that the pressing force between the tooth-
and-groove wheels and the variable-tooth gear may be
very small or vanish, since the transmission manner is
via meshing SSs (for example, there may be spaces be-
tween the tooth-and-groove wheels and the variable-
tooth gear, so they do not contact with each other, and
the meshing transmission is realized completely by re-
turning SSs).
[0082] For the purpose of simplifying the structures,
the structure of a single conic disc tooth-and-groove
wheel and a single ring variable-tooth conic gear as
shown in Fig. 19-A.1 can be employed. However, the
load capacity and the force-receiving effect may be
somehow deteriorated. Furthermore, the arrangement of
two variable-tooth conic gears sandwiching the double-
sided conic disc tooth-and-groove wheels in the opposite
directions may also be employed to perform shifting, as
shown in Fig. 19-A.2.
[0083] Fig. 19-B.1 is a structure diagram of a planet
conic disc variable-tooth gear CVT.
[0084] Developed on the basis of the structure of the
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variable-tooth gear CVT as shown in Fig. 19-A, a planet
conic disc variable-tooth gear CVT can be obtained,
wherein the conic disc tooth-and-groove wheel 42 serves
as a sun gear, with a plurality of variable-tooth conic gears
arranged on its circumference as planet gears. The outer
sides of the plurality of variable-tooth conic gears mesh
with a large tooth-and-groove wheel of the inner meshing
type 48, so as to constitute a transmission manner via a
planet conic disc. In this way, the power capacity is in-
creased. The brief structure of its mechanism can be
seen in Fig. 19-B.1. Furthermore, a single stage trans-
mission manner via an inner meshing gear may be em-
ployed to increase the transmission efficiency, as shown
in Fig. 19-B.2. In particular, the variable-tooth conic gear
43 meshes with the large tooth-and-groove wheel of the
inner meshing type 48. In this meshing manner, the cur-
vatures of both match with each other, and the transmis-
sion effect is good.
[0085] Fig. 20 is a schematic view of a variable-tooth
gear of the type of returning in an oblique direction.
[0086] Fig. 20.1 shows an variable-tooth flat disc gear
of the type of returning in an oblique direction; and Fig.
20.2 shows an variable-tooth inner conic disc gear of the
type of returning in an oblique direction.
[0087] The variable-tooth gear can be classified into
two main categories, i.e., "returning in a same direction"
and "returning in an oblique direction", according to the
trajectories of the SSs. Foregoing embodiments are all
directed to the "returning in a same direction" type, that
is, the returning motion of SSs is in the same direction
as the returning forces (such as, centrifugal forces). Fig.
20 shows the schematic view of a variable-tooth gear of
the type of returning in an oblique direction, wherein Fig.
20.1 shows an variable-tooth flat disc gear of the type of
returning in an oblique direction; Fig. 20.2 shows an var-
iable-tooth inner conic disc gear of the type of returning
in an oblique direction. The SSs of the type of returning
in an oblique direction have their trajectories crossing
with the direction of returning forces (such as, centrifugal
forces) at an angle, as shown in figures. Such a structure
is advantageous to optimize the structure design of trans-
missions and simplify the mechanism layout of transmis-
sions. As shown in Fig. 22.3, it is necessary only to dis-
place the variable-tooth gear when shifting.
[0088] Fig. 21 is a schematic view of a variable-tooth
conic gear with oblique SSs. Its transmission mechanism
is similar to the transmission by bevel gear.
[0089] Note that the direction indicted by the arrow is
the motion direction of the variable-tooth gear with re-
spect to the tooth-and-groove wheel.
[0090] Fig. 23 is the schematic view of returning, mesh-
ing and transmitting of the SSs. The eight arrows repre-
sent the returning driving force, for example, gravity, at-
traction force, repellent force, elastic force, spring force,
electromagnetic force, centrifugal force, inertial force, hy-
draulic pressure, gas pressure, flow impact force from
gas, liquid, etc. The SSs come into close contact with
meshing teeth and grooves to implement meshing under

the returning driving force.
[0091] Fig. 23.1 shows SSs that return automatically
under the effect of elastic forces, wherein the black thick
lines represent spring wire and the arrow represents the
returning direction. Mode A indicates a type that returns
in a translation manner, and Mode B indicates a type that
returns in a rotary manner. The spring wires for the neigh-
boring SSs may be arranged at spatially staggered po-
sitions so as to eliminate interference. The feature of elas-
tic returning lies in the fact that it is free from the constraint
of gravity and motion states, and that it can freely return
at any time.
[0092] Note that, when the SSs are depending on such
returning driving forces as gravity, attraction force, repel-
lent force, electromagnetic force, flow impact force from
gas, liquid, etc. to return, the driving force generation
devices may be stationary and free from rotation. In this
manner, the design can be simplified and the reliability
can be improved. As the structure shown in Fig. 1, an
electromagnet may be arranged under the tooth-and-
groove disc (note that the magnetic path should not be
closed by the tooth-and-groove disc, to the effect that the
magnetic field can interact with the SSs sufficiently). At
this time the electromagnet itself can be stationary and
does not rotate with the tooth-and-groove disc. The SSs
can be attracted to return by magnetic induction during
rotating.
[0093] Fig. 24 is the view for analyzing the self-locking
meshing property of the SSs. As shown in the figure,
when the contact angleθbetween the SS and the wall of
the meshing tooth (or groove) is less than the equivalent
friction angle, the SS has the property of self-locking
meshing. As this time, whatever the force between the
tooth (or groove) and the SS is, the SS will not slide along
the wall of the meshing tooth (or groove), therefore no
skidding occurs. Thus, the reliable transmission can be
implemented only if there exists the self-locking property.
Fig. 24.1 is the cross section of the SSs. SSs are typically
made of steel sheets of the same thickness. The section
shapes of the meshing zones of the SSs with the tooth
(or groove) wall present three modes, i.e., Mode A, B and
C. Mode A is a one-sided slant type, suitable for trans-
mitting in one direction. Mode B is a two-sided type, suit-
able for transmitting in two directions. Mode C is a round-
ed type, for general uses. For Mode C, the angle of its
contact section matches the oblique angle of the wall of
tooth (or groove) so as to lower the stress concentration
and optimize the stress distribution.
[0094] Fig. 25 is a structure diagram of a belt type CVT
with a multiple-ring variable-tooth conic gear.
[0095] Fig. 26 is a structure diagram of components of
a multiple-ring variable-tooth conic gear.
[0096] Fig. 27 is a structure diagram of the driving belt
specialized for CVTs.
[0097] Fig. 25 shows a structure diagram of a belt type
CVT with a multiple-ring variable-tooth conic gear. It com-
prises two pairs of multiple-ring variable-tooth conic
gears (the rotational shafts thereof are parallel) with a
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driving belt sandwiched therebetween. Its functioning
principle of continuously variable shifting is similar to that
of current metal belt type CVT, with the difference being
that the engagement of its driving belt with the conic disc
(the multiple-ring variable-tooth conic gear) is meshing,
such that the property of transmitting via current metal
belt is completely changed and reliable transmission of
large power can be realized without substantial applica-
tions of pressing forces. The SS assembly is a SS as-
sembly of a spacing multiple ring type, with all SSs being
of the same type. The densely staggered arrangement
of support SS groups and fill SS groups is obviated, and
the ring of SS groups is composed by arranging the same
type of SS groups at intervals. The whole SS assembly
of spacing multiple-ring type is configured by multiple
rings of SS groups of different radii. The components
structure of its multiple-ring variable-tooth conic gear is
shown in Fig. 26, and the multiple-ring variable-tooth con-
ic gear is constructed by a multiple-ring variable-tooth
gear 62, a wheel basic body 63 and SSs specialized for
a variable-tooth gear. The arrangement of its SSs can
be as seen in the figure, alternatively, the SSs can be
alternately staggered (as shown in Fig. 28.3).
[0098] Fig. 27 is a structure diagram of the driving belt
specialized for CVTs. The driving belt is composed by a
belt base 65, an enforced layer 66, and meshing support
blocks 64. Its structure combines the features of a belt
and a chain, resulting in advantages from both, i.e., hav-
ing smoothness from a belt and synchronic meshing
property from a chain. The transmission via meshing of
convex teeth and concave grooves are realized by ar-
ranging the meshing support blocks 64 at intervals, thus
presenting the property of large load capacity, etc. (Note
that due to the property of infinitely meshing, the accurate
requirement otherwise imposed on the intervals of mesh-
ing support blocks is obviated. Regular or irregular inter-
vals are all acceptable, therefore the manufacture cost
is reduced). Other types of transmissions will be de-
scribed in the following. Note, SS 58 is the term repre-
sentative of all SSs (see Fig. 46 for specific structures).
[0099] Fig. 28 is a structure diagram of a multiple-ring
variable-tooth conic gear CVT of combined gear body
type.
[0100] The multiple-ring variable-tooth conic gear CVT
of combined gear body type comprises two pairs of mul-
tiple-ring variable-tooth conic gears of layered combina-
tion type, with a driving belt sandwiched therebetween.
Its difference from the type shown in Fig. 25 lies in the
fact that the multiple-ring variable-tooth conic gears em-
ploy the structure of parted combination type. The man-
ufacture process can be optimized in this way. The mul-
tiple-ring variable-tooth conic gear of layered combina-
tion type is composed by combining a plurality of layered
wheel bodies and wheel base bodies (II). Fig. 28.1 shows
the wheel body specialized for SSs with two stop legs.
Fig. 28.2 shows the wheel body specialized for SSs with
one stop leg. In practice, the type shown in Fig. 28.2 is
generally used.

[0101] Since the pressing force applied by the conic
disc of this type of transmission (a multiple-ring variable-
tooth conic gear) on the driving belt, the Mode B driving
belt can be employed. Refer to Fig. 32 for related belts.
[0102] When the distances between the meshing con-
vex teeth and concave grooves are not the multiple of
the distances of the SS groups, the "progressive differ-
ential effect" is generated. The design principle should
conform to "the progressive differential principle" so as
to assure the meshing effect, and eliminate pulsation in
the outputs and weak intervals of power flow.
[0103] Note that all types of driving belts that have
meshing convex teeth and concave grooves are inter-
changeable. All chains and belts with meshing convex
teeth and concave grooves on sides, including prior art
roll chains, can be employed in the transmissions.
[0104] In Fig. 28.3, the radial arrangement of SSs
takes the alternately staggered form. As a result, it is
assured that more SSs can come into meshing regard-
less of the position of the driving belt. When the spacing
of the neighboring rings of SS groups is less than the
operation meshing span of the sidewalls of the driving
belts, the non-alternate manner can be employed (as
shown in Fig. 26).
[0105] The multiple-ring variable-tooth conic gear may
also be designed according to the principle of staggering
a wide SS group and a narrow SS group, so as to
strengthen the meshing effect. However, it is not neces-
sary for a belt type transmission, since the envelop angle
is large such that there is many SSs in meshing and there-
fore a spacing arrangement suffices. When the dense
manner is employed to arrange the SSs throughout the
whole disc, a rigid tooth-and-groove wheel/grooved ring
can be used to replace the flexible belt drive, such that
the transmission chain is shortened (it is a one-stage
transmission), the structure is simplified, the manufac-
ture cost is reduced and the reliability is improved, thus
making it more suitable for high speed applications (Refer
to Fig. 37 which is a structure diagram of a shifting mech-
anism of a small taper variable-tooth conic gear series).
[0106] Fig. 29 is a structure diagram of a multiple-ring
variable-tooth conic gear of single-piece type.
[0107] The multiple-ring variable-tooth conic gear is of
a single-piece structure. Installation holes 72 for embed-
ding the SS holders are trepanned at the positions of the
conic working surfaces corresponding to the arrange-
ment locations of SS groups. The SSs are, in groups,
fitted into each separate free SS holder 71. To complete
the installation, the free SS holders 71 are then fitted into
the installation holes 72 for embedding the SS holders,
either by means of interference fitting, thermal fitting or
weld fitting, or by means of thread fitting. In the case of
thread fitting, the cylindrical screw coupling surfaces of
the SS holders 71 and the installation holes 72 are thread-
ed surface. When the casting method is utilized to form
the installation holes 72, the holes can be configured to
be square, and when the machining method is employed,
the holes can be configured to be circular.
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[0108] The returning trajectories of the SSs can be
classified into categories of "returning in a same direc-
tion" and "returning in an oblique direction". Shown in this
figure is the category of "returning in an oblique direction".
[0109] When clearance fit is taken, the SS groups can
freely rotate, so as to adapt, per se, to rotation angles,
thus the meshing effect is improved. However, stopping
measures should be taken to the SS holders. This solu-
tion can be employed in all types of SSs.
[0110] Fig. 30 is a structure diagram of a metal belt of
a meshing type.
[0111] As compared to metal belts for prior art metal
belt type CVTs, the metal belt of the meshing type has
the characteristic that the metal blocks are of a wide type
and a narrow type. The wide metal blocks and the narrow
metal blocks alternately combine to form a metal belt with
meshing convex teeth and concave grooves. Depending
on the actual conditions, a plurality of wide metal blocks
may constitute a group of wide metal blocks, and a plu-
rality of narrow metal blocks may constitute a group of
narrow metal blocks. The groups of wide metal blocks
and the groups of narrow metal blocks alternately com-
bine to a metal belt. In this way the width of the meshing
teeth and grooves is increased and the meshing parts of
the SSs become larger. Therefore the load capacity is
improved.
[0112] In addition, the narrow metal blocks can take
the form of "an arc-like section". This can improve the
overall flexibility of the belt. Both sides of the wide metal
blocks that come into the meshing zones are formed with
a slant surface, such that the property of continuously
variable shifting can be improved on the basis of utilizing
the self-locking meshing property.
[0113] Fig. 31 is a structure diagram of a pin-plate
chain of a meshing type.
[0114] The pin-plate chain of the meshing type is
formed by additionally providing meshing teeth on the
basis of prior art pin-plate chains. As shown in the figure,
meshing blocks 78 are provided on chain pins 76 or chain
plates 77. The distances between the meshing blocks
are determined by the required density of meshing
blocks. Fig. 31 shows Mode A and Mode B. In Mode A
the meshing blocks are only provided on chain pins 76.
In Mode B, the meshing blocks are provided on both the
chain pins 76 and chain plates 77. Note that, it can be
refitted from all kinds of prior art chains. It is only neces-
sary to design the working side surfaces to be convex
and concave so as to mesh with the SSs. For example,
the gaps between the rollers of a roll chain may come
into meshing with the SSs to implement meshing trans-
mission.
[0115] Fig. 35 is a structure diagram of a belt type CVT
of returning via elastic nipping force type.
[0116] In order to improve the property of the mecha-
nism, the embodiment shown in this figure takes the fol-
lowing arrangement. That is, the SS holders are formed
by configuring through channels on the double-sided
conic disc. And a multiple-ring SS conic wheel of return-

ing via elastic force type is formed by placing the SSs (or
sliding needles) into the holders. These holders are ar-
ranged by disposing, according to the principle of convex
and concave portions opposing each other, two nipping
tooth-and-groove belts with convex teeth and concave
grooves arranged on the two working side surfaces there-
of, as shown in Fig. 35.4. The driving belts’ convex teeth
and concave grooves are opposed to each other. In this
way, the SSs are urged to slide transversely, and there-
fore implement returning via elastic forces. As a result,
the conic wheel and the driving belts mesh with each
other to transmit. Its overall layout of the conic wheel and
the driving belts is similar to that of prior art belt type
CVTs (see also Fig. 25 which is a structure diagram of a
belt type CVT with multiple-ring variable-tooth conic
gear).
[0117] In this scheme, the SSs are installed on the
wheel body and the SSs on the belts are obviated, such
that the adaptability for high speed applications is in-
creased, and the performance becomes more reliable.
There are many manners to arrange SS holders on the
double-sided conic discs. See Fig. 35.1, Fig. 35.2 and
Fig. 35.3 for specific typical layouts. Fig. 35.1 shows a
typical layout. In Fig. 35.2, the arrangement of the SSs
in the radial direction takes an "alternately staggered"
form. This assures that there are more SSs coming into
meshing wherever the driving belts are located. When
the gap between the neighboring rings of SS groups is
smaller than the operation meshing span of the sidewalls
of the driving belts, the non-alternate manner can be em-
ployed. Fig. 35.3 shows double side conic disc of a sliding
needle type. The sliding needles are placed in the sliding
needle holders. For the case of sliding needles, the ge-
ometric sliding is small and the performance of the infi-
nitely meshing is good. In addition, the sliding needle
holder may also be of rectangular or sector (Fig. 35.1,
Fig. 35.2).
[0118] Fig. 35.5 is a plan view for the SSs. The stop
legs for SSs can be disposed in the middle of the SSs.
There may be one or two stop legs.
[0119] Fig. 36 is a structure diagram of a wheel type
CVT of returning via elastic nipping force.
[0120] Shown in the figure is a wheel type CVT of re-
turning via elastic nipping force, in which the conic disc
and the tooth-and-groove wheel oppositely clip the SSs
such that the SSs are returned by elastic forces. This
CVT comprises a pair of conic disc and tooth-and-groove
wheels and a single-ring SS wheel of returning via elastic
force type sandwiched by the opposing convex teeth and
concave grooves of the conic disc tooth-and-groove
wheels. The single-ring SS wheel of returning via elastic
force type comprises a SS wheel body for translations,
fill SSs of returning via elastic force type and support SSs
of returning via elastic force type. In Fig 36, Fig. 36.1 is
directed to an outer meshing type, and Fig. 36.2 is di-
rected to an inner meshing type. In the inner meshing
type, the meshing curvature and orientation match, thus
the transmission effect is good and the arrangement is
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more compact. Fig. 36.3 is directed to a transmission in
which the flat disc type tooth-and-groove wheel oppo-
sitely clips SS CVT of returning via elastic force type.
This CVT comprises a pair of flat disc tooth-and-groove
wheels and a single-ring SS wheel of returning via elastic
force type, with the SS wheel sandwiched between the
opposing convex teeth and concave grooves. In this
transmission, the arrangement is compact and the shift-
ing mechanism is simpler (see Fig. 19-A.3 for the shifting
mechanism). The dedicated SSs, which mesh with the
conic disc tooth-and-groove wheel, of the single ring SS
wheel of returning via elastic force type are of Mode A
(for example, Mode A fill SS of returning via elastic force
type 100, Mode A support SS of returning via elastic force
type 101). In order to improve shifting and transmitting
performances, the meshing surfaces in both sides of the
SSs may be made into arc (as shown in Fig. 36.4, where
A represents the fill SSs and B represents the support
SSs). The dedicated SSs, which mesh with the flat disc
tooth-and-groove wheel, of the single ring SS wheel of
returning via elastic force type are of Mode B (for exam-
ple, support SS of returning via elastic force type 102, fill
SS of returning via elastic force type 103). In addition,
the returning of the SSs in this SS wheel can also take
the free returning manner. As shown in Fig. 36.5, by di-
viding the SS of returning via the elastic force type into
two halves and interposing therebetween a returning
spring wire 109, the returning type via elastic forces can
be realized. Alternatively, by injecting gas flow or liquid
flow into the gas flow hole 110, the returning type via flow
impact forces can be realized. Alternatively, by disposing
an electromagnetic traction device on the conic disc
tooth-and-groove wheel or at equivalent positions, the
returning type via electromagnetic forces can be realized
in such a way that SSs on the SS wheel are electromag-
netically attracted or repelled by electromagnetic traction
forces. Note, when the "free returning" type is employed,
the matching teeth and grooves of the conic disc tooth-
and-groove wheel do not need to be opposite with the
convex portions facing the concave portions. Further-
more, if they are arranged in a staggered manner, the
progressive differential principle can be utilized to im-
prove the smoothness of transmission.
[0121] Fig. 37 is a view showing the shifting mecha-
nism of a small taper variable-tooth conic gear series.
[0122] Fig. 37.1 shows a continuous type, in which the
SS groups contact with each other, without gaps there-
between. The rings of SS groups are constituted by al-
ternately arranging the SS groups of different types at
intervals. The spaced type may also be taken (refer to
foregoing descriptions), wherein there are gaps between
the SS groups. Inside the rings of SS groups are the SS
groups of the same type. In order for the transmission to
be smooth, the "staggered relaying" form can be em-
ployed to arrange the SSs. It is assured that more SSs
can come into meshing regardless of the position of the
driving belt. When the spacing of the neighboring rings
of SS groups is less than the operation meshing span of

the sidewalls of the driving belts, the non-alternate man-
ner can be employed.
[0123] Figs. 37.13, 37.14, 37.15, 37.16 are structure
diagrams of a rigid driving tooth-and-groove meshing
ring, wherein Fig. 37.13 shows a conic toothed ring with
inner and outer meshing surfaces (it represents three
types, that is, a conic toothed ring with inner and outer
meshing surfaces, a conic toothed ring with an inner
meshing surface, and a conic toothed ring with an outer
meshing surface). Fig. 37.14 shows a cylindrical toothed
ring with an inner meshing surface. Fig. 37.15 shows a
cylindrical toothed ring with inner and outer meshing sur-
faces. Fig. 37.16 shows a cylindrical toothed ring with an
outer meshing surface.
[0124] In Fig. 37.6, the input variable-tooth conic gear
and the output variable-tooth conic gear are arranged
conversely. Continuously variable shifting is realized by
coupling the two variable-tooth conic gears via a conic
toothed ring with meshing teeth and grooves on both the
inner and outer surfaces. It is of an continuously variable
shifting type by means of an intermediate component.
[0125] Generally speaking, when rigid toothed ring is
used for transmission, the contact region is limited. In
order to enlarge the contact and meshing surface, it is
desirable for the SSs of the variable-tooth gear to employ
the "continuous type" arrangement (as shown in Fig.
37.1). When a flexible belt or chain is employed for trans-
mission, the envelop angle is large and there are many
SSs that contact the belt, therefore the SSs of the vari-
able-tooth conic gear may employ the "spaced type" ar-
rangement.
[0126] Fig. 37.11 shows the SSs for this type of vari-
able-tooth gears, wherein A represents "support SSs"
and B represents "fill SSs".
[0127] Fig. 37.12 shows a plan view of the metal blocks
of the flexible metal belt for the transmission of this type
of variable-tooth conic gear with small taper (as the struc-
ture for Fig. 37.5), wherein A represents "a concave metal
block" and B represents "a convex metal block". See Fig.
30 for the overall structure. The fitting structures of the
two metal blocks are similar, with the only difference be-
ing the meshing surfaces. The metal belt in Fig. 30 is of
the type that meshes at the side surface, and the metal
belt in this figure is of the type that meshes at the bottom
surface.
[0128] This type of variable-tooth conic gear with small
taper may also employ "the structure of single piece mul-
tiple-ring variable-tooth conic gear" (see Fig. 29). Instal-
lation holes for embedding the SS holders are trepanned
at the positions of its working conic surfaces correspond-
ing to the arrangement locations of SS groups. The SS
groups are, in groups, fitted into each separate free SS
holder. To complete the installation, the free SS holders
are then fitted into installation holes for embedding the
SS holders. The steel ring is a rigid member. An additional
assistant positioning system can be utilized for position-
ing and shifting (see Fig. 19-A.3 for shifting mechanism).
Note that the arrow direction is the direction of the relative
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motion between the variable-tooth gear and the tooth-
and-groove wheel during shifting.
[0129] Fig. 38 is a structure diagram of a variable-tooth
rotary shaft roller gear CVT.
[0130] The variable-tooth rotary shaft roller gear CVT
comprises a variable-tooth cylindrical gear, a rotary shaft
roller wheel, a fixing bracket, a revolution bracket, a plan-
et conic gear, a sun conic gear and the related compo-
nents. The structures of the variable-tooth cylindrical
gear are the same as the foregoing variable-tooth cylin-
drical gear (as show in Fig. 2). However, it is wider than
the foregoing gear so as to enlarge its meshing dimension
with the rollers. The variable-tooth cylindrical gear is cou-
pled to the output shaft, and is fitted on the fixing bracket.
The rotary shaft roller wheel and the planet conic gear
116 are coupled to the output shaft 33, and are fitted on
the rotatable bracket 44. The planet conic gear 116 mesh-
es with the sun conic gear 117. The sun conic gear is
coupled to the input shaft. As the shifting lever 44 is
turned, the whole revolution bracket will rotate at the axis
of the input shaft. At this time, the planet conic gear ro-
tates about the sun conic gear, but the meshing state
therebetween can be always maintained so as to transmit
the torque of the input shaft to the rotary shaft roller wheel.
The rotations of the revolution bracket change the angle
between the rotation axes of the rotary shaft roller wheel
and the variable-tooth cylindrical gear, so that the trans-
mission ratio undergoes changes. Because the angle of
the two axes can change infinitely, the mechanism can
implement continuously variable shifting. Fig. 38.4 is a
view for analyzing the shifting performance of this trans-
mission. When the planet conic gear is located at point
a, the rotation axis of the variable-tooth cylindrical gear
is parallel to the rotation axis of the rotary shaft roller
gear, so the output is carried out at the highest rotation
speed. As the planet conic gear moves toward point b,
the angle between the two axes becomes larger, and the
output rotation speed decreases. When it reaches point
c, the two rotation axes become perpendicular to each
other, therefore no power is output, which is equivalent
to the neutral position. When the rotation shaft of the
roller gear is rotated further toward point d, the reversed
torque will be output, which is equivalent to the reverse
position. When the planet conic gear moves from the
point a to the point b’, the output performance is com-
pletely as the same as the foregoing, except that the
wearing point of the SSs is changed, so the usage in both
directions will be advantageous to extending the compo-
nents’ service lives.
[0131] Fig. 38.1 and Fig. 38.2 show a rotary shaft roller
variable-tooth gear CVT at two states of different trans-
mission ratios. In Fig. 38.1, there is formed an angle be-
tween the rotation axis of the variable-tooth cylindrical
gear and the rotation axis of the rotary shaft roller wheel.
The transmission ratio is relatively large and the output
is implemented at a reduced speed. In Fig. 38.2, the ro-
tation axis of the variable-tooth cylindrical gear is parallel
to the rotation axis of the rotary shaft roller wheel. The

transmission ratio is relatively small and the output is
implemented at the highest speed.
[0132] To increase the efficient transmission ratio, the
CVT of a rotary shaft type may employ a rotary shaft roller
wheel of the type in which the density of the rollers can
be changed. In this roller wheel, the density/number of
the rollers can be changed according to the changes of
the transmission ratio. All rollers come into operation at
high speeds, and the number of rollers that operate at
low speeds may be one half of the total number. As shown
in Fig. 38.3, the roller wheel with the density of rollers
variable is configured by interposing two halves with
sparse rollers. When it is required that the roller wheel
has denser rollers, the two half roller wheels can be in-
terposed so as to double the roller density. The density
will reduce to one half if the two halves are separated.
[0133] For the purpose of increasing power, multiple-
phase mechanisms can be arranged in parallel. As
shown in Fig. 38.5, two variable-tooth cylindrical gears
are employed at an upper location and a lower position
to mesh with the rotary shaft roller wheel, so as to double
power.
[0134] In a similar way, an arrangement may be em-
ployed so that two rotary shaft roller wheels are provided
respectively at an upper location and a lower position of
the variable-tooth cylindrical gear to mesh therewith. In
addition, a multiple-phase layout can be employed, that
is, a plurality of rotary shaft roller wheels is provided along
the circumferential direction of the variable-tooth cylin-
drical gear to mesh therewith, such that the power ca-
pacity is increased multifold.
[0135] Fig. 38.6 shows the SSs specialized for this var-
iable-tooth cylindrical gear. Its construction is the same
as the foregoing variable-tooth cylindrical gear, except
that its width is wider so as to increase the meshing con-
tact dimension with the rollers.
[0136] To improve the performance of continuously
variable shifting, the rollers of the rotary shaft roller wheel
may take a conic shape (see Fig. 38.7, it is called "a roller
wheel of conic surfaces"). That is, the angleθbetween the
sliding-tooth and the generatrix of the rotating surface of
the meshing roller is less than the equivalent friction an-
gle. At this time the SS presents the property of self-
locking (refer to the foregoing). The working surface of
the conic roller wheel may also be an arc (as shown in
Fig. 38.8).
[0137] In addition, the rotary shaft roller wheel can also
be replaced by a gear, a bevel gear, a worm wheel or a
worm to mesh with the variable-tooth cylindrical gear. In
this way, the angles between the rotation shafts are
changed so as to implement continuously variable shift-
ing. The contact surface can be increased. At this time,
there exits sliding friction, so lubrication property should
be very good. Oil lubrication via a centrifugal pump or
lubrication via a gas cushion may be employed.
[0138] In some specific applications, the variable-tooth
gear may also be replaced by a variable-tooth conic gear.
[0139] Fig. 39 is a structure diagram of a variable-tooth
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CVT with a radius-varying metal block belt.
[0140] This variable-tooth CVT comprises a metal
block belt wheel, the radius of which belt is continuously
variable, and a variable-tooth cylindrical gear. Continu-
ously variable shifting is realized by changing the radius
spanned by the metal blocks of the metal block belt wheel
and making them mesh with the variable-tooth gear. The
metal block belt wheel, the radius of which belt is contin-
uously variable, is composed by two opposing conic discs
and a metal block belt interposing therebetween. The
metal block belt is a flexible convex-concave tooth block
belt (or, called a chain of tooth blocks) which is composed
by alternately superposing some convex tooth blocks 119
and concave tooth blocks 120 coupled by a tooth block
coupling string 118 running therethrough. The radius of
the metal block belt on the conic disc can be changed as
the distance of the two opposing conic discs changes,
so as to implement continuously variable radius. In order
to improve the unity of the metal block belt wheel, the
conic surface of the conic discs is formed with convex-
concave grooves (refer to foregoing, a tooth-and-groove
conic disc) so as to mesh with the flexible metal block
belt to form a stable entirety. In this case, it is required
that the sidewall of this metal block belt is a SS belt struc-
ture (see foregoing Figs. 33 and 34 or the prior art SS
formed chain). Since the sliding frequency of such SSs
is low (it is stationary when the transmission is a con-
stant), elastic force and spring force, etc. can be em-
ployed to return the SSs and make them mesh. In addi-
tion, the conic disc can also be replaced by a multiple-
ring variable-tooth conic gear (see foregoing Figs. 26, 28
and 29). Now the metal block belt is similar to foregoing
Fig. 30, the meshing surface is formed by alternately su-
perposing the convex and concave sidewalls so as to
mesh with the SSs of the variable-tooth conic gear. In
order to facilitate shifting via sliding in the radial direction,
idler wheels 141 may be provided on the sidewalls of the
metal blocks to reduce friction. The metal block belt may
also be replaced by the rubber belt with grooves on its
both sides.
[0141] At normal times, the whole metal block belt con-
tacts closely with the conic disc under a stretching device
to form an integrated metal block belt wheel. When its
radius should be changed for shifting, the distance be-
tween the opposing conic discs is changed, and with the
help of the stretching device, the metal block belt changes
its curvature following the contact with the conic disc, so
as to form a new working radius. The stretching string
becomes longer when the radius of the metal block belt
increases, and it retracts when the radius of the metal
block belt decreases. In this way the overall stability of
the metal block belt wheel is assured.
[0142] The metal block belt is an open ring, therefore
a complete close toothed ring can only be formed by in-
tegrally jointing at least two sets of metal block belts. As
shown in the figures, a transmission assembly capable
of working continuously can be formed by arranging two
metal block belt wheels at substantially 180 degree, with

each wheel meshing with one variable-tooth cylindrical
gear. As shown in Fig. 39.3, a continuous output of power
flow is realized by the alternate complement meshing of
two variable-tooth cylindrical gears and two metal block
belt wheels.
[0143] Fig. 39.1 and Fig. 39.5 show an inner stretching
type, that is, the stretching device is located inside of the
wheel body. Fig. 39.2 and Fig. 39.4 show an outside
stretching type, that is, the stretching device is located
outside of the wheel body. Now, in order to avoid the
interference between the stretching device and the var-
iable-tooth gear, its stretching string and stretching de-
vice are arranged sideward (as shown in Fig. 39.3). Since
the intervals of the convex tooth blocks and the concave
tooth blocks are equal, the gear with a fixed number of
teeth can be substituted for the variable-tooth gear to
mesh with the metal block belt so as to implement con-
tinuously variable shifting.
[0144] Fig. 40 is a structure diagram of a variable-tooth
gear CVT with radius-varying tooth segments.
[0145] This CVT comprises a toothed ring assembly
capable of changing radius infinitely, and a variable-tooth
cylindrical gear, etc. Continuously variable shifting is re-
alized by changing the radius spanned by the toothed
ring and making it mesh with the variable-tooth gear. The
toothed ring capable of changing radius infinitely is
formed by combining several tooth segments, each of
which is coupled to the radial sliding rail via a translation
pair. The working radius of the toothed ring is changed
by synchronically changing the radial positions of the
tooth segments on the radial sliding rail. To assure the
continuity of the working tooth surfaces of the toothed
ring, at least two sets of toothed rings (as indicated by
A, B of Fig. 40.3) are alternately arranged in a staggered
manner to form a toothed ring assembly, each set mesh-
ing with a variable-tooth cylindrical gear, respectively (or
meshing with different rings of SS groups of a double-
ring variable-tooth cylindrical gear. A double-ring varia-
ble-tooth cylindrical gear is a variable-tooth cylindrical
gear with two rings of SS groups arranged on the same
cylindrical surface.), so as to form a CVT assembly ca-
pable of independently performing a work cycle (as
shown in Fig. 40.2). A continuous output power flow is
thus realized by the alternate complement meshing of
two variable-tooth cylindrical gears and two toothed
rings.
[0146] To reduce the number of components and to
increase the synchronism of shifting, the two sets of
toothed rings can be replaced by a single-toothed ring
formed by the step tooth segments 125 which are alter-
nately interposed (as shown in Fig. 40.4).
[0147] The meshing of the variable-tooth gear and the
toothed ring capable of infinitely changing radius may
take an inner meshing manner or an outer meshing man-
ner. The inner meshing structure is compact and the cur-
vatures match. The outer meshing structure is simple.
[0148] Fig. 40.5 is a structure diagram of a driving
transmission of an inner meshing planet type, in which
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variable-tooth gears mesh, from inside, with a large
toothed ring composed by a plurality of tooth segments.
The variable-tooth gears and gears are coaxially fixedly
coupled. Gears a and gears b mesh with each other. And
gears b in turn mesh with a sun gear. The rotation shafts
of gears a, gears b and the sun gear 45 are coupled in
a triangular shape via a planet bracket 50. The distances
of the shafts of the gears a and gears b are fixed, and
the distances of the shafts of the gears b and the sun
gear are fixed. The gears a and the sun gear 45 are cou-
pled by coupling body 142 in such a way that the distance
between their shafts can be infinitely adjusted. During
speed adjustment, the radius of the toothed ring assem-
bly is changed and the distance between the shafts of
gears a and the sun gear 45 is synchronically changed
so as to implement shifting. Generally, the sun gear and
the planet bracket serve as input and output transmission
terminals to simplify the shifting mechanism and improve
stability. If the planet bracket is taken as the input shaft,
and the sun gear serves as the output shaft, the SS var-
iable-tooth gear still operates as a driven gear, only that
the shaft of the variable-tooth gear serves as a driving
member and the toothed ring is fixed. So this structure
conforms to the working property of a variable-tooth gear.
A symmetric arrangement of two sets of mechanisms
with the planet gear as a driving member may be em-
ployed to meet the dynamic balance (as shown in Fig.
40.5).
[0149] The usage of variable-tooth gears of a SS type
has the following advantages. They are well adapted for
the misfit phenomenon of tooth profiles between tooth
segments. The pulses resulting from the tooth segments
can be suppressed or even be reduced to zero because
of the floating effect of the SSs. In addition, the floating
compensating effect will impose no requirement on the
machining accuracy. Therefore a non-involution tooth
profile can be employed.
[0150] The meshing of SSs of such transmission
mechanisms of the variable-tooth gear type is character-
ized by a radius-equal, forward smooth meshing. There-
fore, the variable-tooth gear can employ "the transmis-
sion by SSs with bevel teeth" so as to improve the stability
and load capacity (see Fig. 6-B).
[0151] In normal applications, a single-ring variable-
tooth cylindrical gear having wide SSs (their widths are
sufficient to mesh with the two sets of toothed rings si-
multaneously) may also be employed to replace the set
of two variable-tooth cylindrical gears or the double-ring
variable-tooth cylindrical gear. Furthermore, the number
of the tooth segments can be appropriately increased in
order to improve the output stability.
[0152] Note, as indicated by its nomenclature, the
tooth segment is of a segment shape, i.e., a part of the
whole gear. In this transmission, the whole gear is divided
into several tooth segments. And the radial dimensions
of each tooth segments are changed by the synchronous
motion in the radial direction. In this way the circumfer-
ential dimensions enveloped by all the tooth segments

of the whole gear (that is, all tooth segments of the same
gear) are changed so as to infinitely change the radius.

A SS clutch

[0153] Fig. 41 is a structure diagram of a SS clutch of
an axial coupling type.
[0154] Generally, a SS clutch of an axial coupling type
is composed by teeth and grooves of two tooth-and-
groove disc surfaces oppositely, that is, in a way that the
convex portions face the concave portions, clipping a SS
wobble-plate. It is of the type of returning via elastic force.
See Fig. 41.1 for the SS wobble-plate (which is in fact a
multiple-ring SS wheel of the returning via elastic force
type) and see Fig. 41.2 for tooth-and-groove disc. See
Fig. 41.3 for the arrangement manner in which teeth and
grooves of two tooth-and-groove disc surfaces opposite-
ly, that is, in a way that the convex portions face the con-
cave portions and clip a wobble-plate.
[0155] An application embodiment is shown in Fig. 41,
which is a structure diagram of a shifting transmission
with a constant mesh SS type gear. It is composed by a
constant mesh gear with a tooth-and-groove disc (a flat
disc tooth-and-groove wheel 6) on a sidewall, a shifting
push lever, a thrust bearing, oppositely clipping grooved
disc for returning via elastic force (a flat disc tooth-and-
groove wheel 6), positioning and coupling pins, a SS wob-
ble-plate and bolts, etc.
[0156] The transmission shaft is coupled to the wob-
ble-plate via a guiding spline. The SS wobble-plate com-
prises two halves coupled by a bolt into a piece. Each
half wobble-plate is provided with a ring of SS groups
which functions independently. And the two rings of SS
groups are clipped by a pair of tooth-and-groove discs
with opposing teeth and grooves (i.e., the flat disc tooth-
and-groove wheel 6), respectively. The pair of opposite
clipping tooth-and-groove discs refer to a mobile tooth-
and-groove disc 129, and the sidewall tooth-and-groove
disc surface of the constant mesh gear 127 (i.e., the flat
disc tooth-and-groove wheel 6), both being coupled by
the positioning and coupling pin 130 to assure synchro-
nous rotations. However, they can move axially with re-
spect to each other. The engagement between the two
constant mesh gears 127 and the transmission shaft is
via bearing joint. The shifting push lever 128 is coupled
to the two mobile tooth-and-groove discs 129 via the
thrusting bearing, respectively. As shown in the figure,
the shifting push lever 128 is pushed to the right, so as
to move the mobile tooth-and-groove disc on the right
side to the right. The mobile tooth-and-groove disc on
the right and the tooth-and-groove disc on the sidewall
of the constant mesh gear on the right side clip the ring
of SS groups on the SS wobble-plate. In this way the
returning via elastic force is implemented. Therefore the
constant mesh gear on the right side is integrated with
the transmission shaft via the SS wobble-plate to transmit
torques. At the same time, the constant mesh gear on
the left side and the transmission shaft can rotate freely
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with respect to each other. On the contrary, when the
shifting push lever is pushed to the left side, then the
constant mesh gear on the left side is integrated with the
transmission shaft via the SS wobble-plate to transmit
torques, and the constant mesh gear on the right side is
separated from the transmission shaft. The returning
manner of such SSs can employ "an electromagnetic
driving manner", thereby resulting in a stronger control-
lability. This technique can be employed in a shifting
transmission with a constant mesh gear for vehicles to
replace existing synchronous shifting devices. The SSs
used with the SS wobble-plate shown in Fig. 41.1 may
be the SSs of a segment shape in section (as shown in
Fig. 8-B) or sliding-needles (as shown in Fig. 35.3) so as
to improve transmission accuracy.
[0157] Fig. 42 shows a SS clutch of a radial coupling
type.
[0158] The SS clutch of a radial coupling type compris-
es a coupling sleeve 133 with teeth and grooves on the
inner loop, a SS grooved wheel 134, etc. The upper por-
tion of such SS is in the form of an arc (as shown in the
figure), allowing for a natural transition when being in-
serted. After being inserted, the coupling sleeve and the
SS grooved wheel can perform infinitely meshing via the
centrifugal forces. In order to increase the load capacity,
the design can be employed that the fill SS groups and
the support SS groups are disposed alternately and
densely (as shown in the left view). This technique can
as well be employed in a shifting transmission with a con-
stant mesh gear for vehicles in place of existing synchro-
nous shifting devices.
[0159] Fig. 43 shows a SS clutch of a conic surface
coupling type.
[0160] The SS clutch of a conic surface coupling type
is composed by a SS conic disc 135 (i.e., a multiple-ring
or single-ring variable-tooth conic gear, see Figs. 17, 26,
28, and 29. Shown in this figure is of a multiple-ring type)
and a coupling sleeve 136 for a tooth-and-groove conic
disc. After the SS conic disc is coupled to the coupling
sleeve with a tooth-and-groove conic disc, the SSs return
under the effect of centrifugal forces and mesh with the
tooth-and-groove conic disc so as to implement the en-
gagement of the clutch.
[0161] Fig. 44 shows the infinitely meshing device of
blocks and a belt.
[0162] The infinitely meshing device of block and belt
is an improvement over the prior art technique "mechan-
ical CV with high transmission ratio" (CN patent Nos.
03140569.X and 03263450.1). In the prior art patent, the
transmission between the traction belt and the velocity-
locking block is carried out via friction (see Fig. 39 in CN
patent No. 03140569.X which is the assembly view of
the CVT). The newly improved technique employs SSs’
returning to implement meshing transmission. As shown
in Fig. 44, on two traction belts 137 which are symmet-
rically assembled, the meshing teeth and grooves are
opposing to each other with the convex portions facing
the concave portions, so as to clip a velocity-locking block

138 with SSs therein. The non-frictional meshing trans-
mission is implemented through the returning process of
the SSs by the meshing teeth and grooves on the two
traction belts (see the partially enlarged drawing on the
right side). Now the pressing forces applied by the press-
ing device upon the traction belts and the velocity-locking
block can be reduced to a large extent.
[0163] Fig. 45 shows an overrunning clutch of a SS
type.
[0164] The overrunning clutch of a SS type is com-
posed by SSs, a SS grooved wheel 134, and a planet
wheel outer loop 140, etc. In operation, the planet wheel
outer loop 140 rotates in a reciprocating manner. The
SSs return under the effect of centrifugal force and so
mesh with the planet wheel outer loop, so as to transmit
the torque to the SS grooved wheel 134 and rotate it. As
shown in the figures, since the inner wall of the planet
wheel is formed with teeth and grooves in one single
direction, the planet can entrain the SSs and further drive
the SSs to output power only when it rotates counter-
clockwise. And when it rotates clockwise, sliding may
occur and the clutch is in an overrunning state. In order
to suppress the wearing in the overrunning state and im-
prove the responsibility, oil lubrication via a centrifugal
pump can be employed.
[0165] A structural arrangement in which the SSs and
the blocking grooves take a radiating form is employed
in Fig. 45.1. Such an arrangement presents an advan-
tage that the contact is uniform. No matter what position
the planet wheel outer loop rotates to, the SSs are always
parallel to the surfaces of the grooves, and the contact
is a surface contact. The cross sections of the SSs may
be of a segment shape. Since this structure is not em-
ployed for continuously variable shifting, the curvatures
keep constant. The segment shapes of the SSs can take
constant optimal values, and the force receiving surface
is a standard surface contact, which is better than the
meshing effect of a CVT.
[0166] In high power applications, the type in which
the SSs are densely arranged throughout the ring may
be employed and the rigidity and the strength of the SSs
may be improved, so as to meet the requirements. Cer-
tainly, in low power applications, the number and the
mass of the SSs may be reduced to decrease the resist-
ance in the overrunning state and to improve responsi-
bility. The returning performance and the reciprocation
frequency characteristic can be improved by employing
good lubrication, by increasing the surface smoothness
of the SSs and by decreasing the traveling distance of
the SSs. The smaller, shorter and lighter the SSs are,
the more suitable they are to high speed applications. In
such a mechanism, the SSs are constrained by the planet
wheel outer loop, therefore the SSs do not need stop legs.
[0167] The "progressive differential principle" (refer to
the foregoing) can be considered when the distances and
the number of the one-direction teeth and grooves of the
planet wheel and the SS tooth-and-groove wheel are de-
signed as a whole. In this figure, the grouped progressive
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toothwise differential principle is employed. That is, the
meshing of the ring of SS groups is equally divided into
three parts. The SSs in each angular range of 120° form
a group. The meshing states of SSs spaced by 120° from
each other are the same, so that uniform force distribution
is ensured.
[0168] The load capacity can be improved by increas-
ing the width and the thickness of the SSs of the clutch.
The only force acting upon the SSs is the normal pressing
force, therefore the endurance of SSs is long. Even
though the performance of continuously variable clutch-
ing will be deteriorated after the thickness is increased,
this influence only results in an increased sliding angle.
Therefore this design may be employed in special appli-
cations. Furthermore, "the self-locking property" may be
utilized to design the tooth-and-groove disc to improve
the performance of infinitely meshing. Efficient use of this
self-locking property may optimize the performance of
continuously variable transmission.
[0169] Fig. 46 is a plan view of various SSs.
[0170] A series shown in Fig. 46.1 is the SSs special-
ized for a variable-tooth conic gear that is of "the type in
which one side works independently" (see Fig. 17),
wherein Figs. 46.1.1, 46.1.2, 46.1.3, 46.1.4, 46.1.5 and
46.1.6, in this order, are directed to an outside support
type, an outside interaction crossing support type, a cen-
tral support type, a central interaction crossing support
type, an outside and central double support type, and an
outside and central interaction crossing support type.
[0171] A series shown in Fig. 46.2 is the SSs special-
ized for a variable-tooth conic gear that is of "the type in
which both sides work integrally" (see Fig. 18), wherein
Figs. 46.2.1, 46.2.2, 46.2.3, 46.2.4, 46.2.5 and 46.2.6, in
this order, are directed to an outside support type, an
outside interaction crossing support type, a central sup-
port type, a central interaction crossing support type, an
outside and central double support type, and an outside
and central interaction crossing support type.
[0172] A series shown in Fig. 46.3 is "the SSs" spe-
cialized for a variable-tooth cylindrical gear (see Fig. 2),
wherein Figs. 46.3.1, 46.3.2, 46.3.3, 46.3.4, 46.3.5 and
46.3.6, in this order, are directed to an outside support
type, an outside interaction crossing support type, a cen-
tral support type, a central interaction crossing support
type, an outside and central double support type, and an
outside and central interaction crossing support type.
Clearly, this type of SSs is similar to the series in Fig.
46.2, with the only difference being that the working por-
tions of the series shown in Fig. 46.3 are the tops of the
SSs, while the working portions of the series shown in
Fig. 46.2 are the two sides of the SSs. Therefore, if only
the series shown in Fig. 46.2 is designed to be an arc
shape, then they are interchangeable (see Fig. 46.10).
[0173] In all these figures, the SSs with hatched lines
are the SSs of the support type that play a role in sup-
porting, and the hatched portions indicate the force-re-
ceiving portions of the support SSs that contact with the
walls of the support SS holders to transmit power. The

SSs without hatched lines are the SSs of the fill type.
[0174] The force-receiving and working principle of the
SSs: the support SSs come into contact with the walls of
the SS holder of the variable-tooth gear to transmit power,
and the fill SSs come into contact with the support SSs
to receive forces and transmit power.
[0175] The series in Fig. 46.4 shows the coupling man-
ner of these SSs with the restraining surfaces of their
respective SS holders, wherein the series of SS groups
shown in Fig. 46.*.2, 46.*.4, and 46.*.6 are the support
SS group and the fill SS group, respectively. The series
of SSs shown in Figs. 46.2.2, 46.2.4, 46.3.2 and 46.3.4
are of the same shape, but they are installed in opposite
directions. Therefore, they are the SSs of the same type
(refer to the foregoing "effect-equivalent SSs, SSs of the
same type"), and are the support SS group and the fill
SS group, respectively.
[0176] For the type of dense arrangement throughout
the ring, the restraining surface of each SS holder takes
a symmetrical arrangement of a radiating shape from a
center (see Fig. 3). For the type which is not a dense
arrangement throughout the ring, the wall surface in the
same SS holders are arranged in parallel, while the SS
holders themselves take the symmetric arrangement of
a radiating shape from a center (see Fig. 26).
[0177] As shown in figures, the function of the small
stop legs at the lower portion of the SSs is to constrain
so as to prevent the SSs from being thrown out of the
wheel body (there may be one or two constraining stop
legs). In addition, other constraining manner may be em-
ployed, as shown in Fig. 46.5. In this figure, A is a normal
manner in which the stop legs for a SS project outward;
B shows the concave stop legs for a SS; C, D and E show
a manner in which a constraining ring, string or rod is
inserted through a hole which is punched in a SS to carry
out constraining. The SSs shown by D and E are circular
(D is a support SS, with the hatched lines indicating the
force-receiving portion of the support SS that comes into
contact with the wall of the SS holder to transmit power,
and E is a fill SS). The SS holder may be used for con-
straining (as shown in figures), or the manner of punching
a long and circular hole in the center of the SSs and
inserting a constraining ring 143 through the hole may
be utilized for constraining. Such SSs are more conven-
ient for shifting. See Figs. 7 and 45 for the SSs of an
outer constraining type.
[0178] In Fig. 46.6, A and B are generally used for a
variable-tooth conic gear of a small taper (see Fig. 37),
and C and D are generally used for the variable-tooth
gear of the CVT of a rotary shaft roller variable-tooth gear
type, wherein the SSs with hatched lines are the support
type SSs which play a role of supporting and the SSs
without hatched lines are the fill SSs.
[0179] In order to facilitate shifting, the working surface
(the force-receiving surface interacting with the tooth-
and-groove disc) of the SSs may be of an arc shape (as
shown in Fig. 46.8, such SSs can be used with the var-
iable-tooth gears of an oblique returning type shown in
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Figs. 28 and 29). To improve transmission accuracy and
suppress geometrical sliding, the effective working sur-
face can be further decreased so as to form "a local force-
receiving zone in an arc shape" (as shown in Fig.46.7).
[0180] Fig. 46.9 shows a series of SSs specialized for
SS tension driving belts (see the foregoing Fig. 33).
[0181] In addition, to eliminate the sliding and skidding
phenomenon that may occur between the SSs and the
tooth-and-groove wheel, the arc-shaped profile of the
meshing and working surface between the SSs and the
tooth-and-groove wheel can be modified to a linear profile
(see Fig. 46.11).
[0182] The support SSs can be replaced by the sliding-
blocks (the SSs with large thickness). If the strength is
sufficient, then the width of the support SS holders can
be decreased. As shown in Fig. 2, the support SSs are
replaced by a single sliding-block (the SS with large thick-
ness). See Fig. 81 for specific structures.
[0183] Fig. 47 is a structure diagram of a CVT of an
operation separated and effect combined type (I).
[0184] Fig. 48 is an exploded view of key components
of an operation separated and effect combined type conic
disc.
[0185] Fig. 49 is a structure diagram of a CVT of an
operation separated and effect combined type (II).
[0186] Fig. 50 is a sectioned structure diagram of a
conic disc.
[0187] Fig. 51 is an exploded view of an infinitely mesh-
ing device unit.
[0188] As shown in Fig. 47, a CVT of an operation sep-
arated and effect combined type is composed of two pairs
of conic discs (the rotation shafts of these conic discs are
parallel) with a driving belt sandwiched therebetween.
The key difference of its continuously variable shifting
principle from that of the prior art metal belt CVT is the
fact that the operations of infinitely changing radius and
infinitely meshing are separated. By superposing the
driving belt and the conic disc surface and using the axial
displacements of the conic disc, the distance of the driv-
ing belt and the conic disc center is changed such that
the driving belt may operate at positions of different radii.
As a result, radius can be infinitely changed, and uni-
formity and smoothness of transmission is assured. A
number of infinitely meshing device units 148 that can
perform infinitely changing radius in phase with the driv-
ing belt are disposed coaxially in the opposing inner
space between the two conic discs. The infinitely mesh-
ing device unit comprises a unit carrier and an infinitely
meshing body. The meshing body meshed with the con-
vex and concave meshing teeth on the inner side of the
driving belt so as to implement transmission via infinitely
meshing to assure sufficient transmission power and ef-
ficiency. That is, it is realized that the member to confine
the radius and lock the speed ratio (the member to sta-
bilize the radius and determine the speed ratio, for in-
stance, the primary function effect of the transmission
via frictional contact between the driving belt and the con-
ic disc is to stabilize the radius and determine the speed

ratio) and the member to transmit power (the meshing
unit member, for instance, the primary function effect of
meshing of SSs with the inner teeth of the driving belt in
the meshing device unit is to transmit power) are dis-
posed separately. The operations of infinitely changing
radius and infinitely meshing are separately, while the
effects are combined to reach the ideal continuously var-
iable shifting of a meshing type which is accurate, uni-
form, smooth and highly efficient.
[0189] Many manners may be employed to design the
infinitely meshing device unit 148, such as a SS variable-
tooth meshing manner, a manner via magnetorheologi-
cal fluid/electrorheological fluid, an infinitely meshing
manner via a worm/worm rack, and an infinitely meshing
manner via sliding-blocks, etc. These manners will be
described in detail later.
[0190] Figs. 47, 48, 49, 50 and 51 show a transmission
of a SS variable-teeth meshing type and its components.
The infinitely meshing device unit 148 comprises a mesh-
ing unit carrier 155 (or a beam for a SS holder. This is a
special term used herein) and a SS group constitutive of
several SSs (including sliding-blocks). Now the SS group
is the meshing body to infinitely mesh with the driving
belt 151 for transmitting power. Two idler wheel (this is
the case shown in this figure), or one idler wheel 152, or
drum-like idler wheel(s) can be provided on the beam for
a SS holder. Under the SS groups, there are provided
stop seats 153 for SS holders and returning springs 154
(the returning spring can be classified into a flat spring
and a corrugated spring. A flat spring makes the distri-
bution of the force acting upon the SSs be uniform, and
a corrugated spring provides a larger returning elastic
force. A returning spring ring similar to such a ring can
also be added to the foregoing SS variable-tooth gear),
referring to the enlarged drawing viewed from left in Fig.
51. There may be provided a rolling bearing or a sliding
bearing between rollers and the rotation shaft, or even
the sliding motion is implemented directly by lubricating
contacts without providing rollers. On the conic disc 147
are provided several radial rails 146 which match the
orientation of the generatrix of the conic disc. These rails
cooperate with the idler wheels of the respective meshing
unit carrier 155 so as to form a translation pair coupling.
During high speed operations, each meshing device unit
undergoes radial centrifugal motion under the centrifugal
force, therefore a centrifugal pressing effect is generated
upon the conic disc 147 due to the constraining reaction
force component of the radial rails 146, such that the
conic disc is pressed and centrifugal pressing is gener-
ated. This pressing force is transmitted to the driving belt
151, and a centrifugal stretching effect is generated such
that the driving belt operates at a stable radial position
and implements, together with the meshing body, i.e.,
the SS groups of the meshing device unit, infinitely mesh-
ing. In this way, it is assured that such a mechanism can
work stably and reliably. Refer to Fig. 56 for its meshing
and transmitting principle. The direction of the hollow ar-
row in Fig. 48.1 indicates the assembly direction of each
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infinitely meshing device unit. In order to improve the load
capacity, a sliding-block (a thicker SS) may be add to a
SS group, as shown in the enlarged drawing view to the
left in Fig. 51. Generally speaking, if the direction of the
force acting upon the SSs is to the left, one sliding-block
should be installed at the left side, and vice versa. And
if the SSs are acted by forces in two directions under
rotation, then one sliding-block may be installed at each
side.
[0191] The CVT shown in Fig. 49 employs a metal
pressing belt. Its main difference from the prior art metal
belt is the teeth on its inner side. Its particular construction
is such that the metal belt is composed of metal rings
159, metal blocks of a fill type 160, and metal blocks of
a meshing type 161. The metal blocks of a fill type and
the metal blocks of a meshing type are alternately super-
posed to form a metal belt with teeth on its inner side,
referring to Figs. 52, 53 and 54. (Note that for convenient
illustrations in the following Fig.58, a metal block 158 is
a general designation for a metal block of a fill type 160
and a metal block of a meshing type 161.) The force-
receiving portion of the metal block is an arc surface, and
the direction of the pressing force passes through the
center of this arc. Roll-over will not occur. The roll-over
angle is determined by the bisector angle to the curvature
of the conic disc surface.
[0192] Fig. 55 is a schematic view of a synchronous
metal belt of a hole-meshing type. The whole driving belt
is constructed by closely superposing multiple layers of
metal rings with holes therein. All holes correspond one
by one so as to form rectangular holes for SSs to insert
therethrough. This driving belt is equivalent to the metal
ring belt with teeth on the inner side. In operation, the
SSs mesh with the rectangular holes so as to implement
transmission.
[0193] In Fig. 56, the SSs seat on the guiding arc plate
194. Actions may be executed to assist the SSs in seating
so as to suppress the impacts of the SSs on the tooth
surfaces during meshing. Lubrication, a rolling contact
manner, airflow floating (micro holes for airflows may be
provided on the guiding arc plate), fluid oil-film, and the
like may be employed to decrease wearing and drag. In
this way, the noise and the impact of SSs on the surfaces
of teeth and grooves during SSs’ high speed meshing
can be greatly decreased, and their life endurance is ex-
tended.
[0194] Fig. 57 is a schematic view of other modes of
transmissions of an operation separated and effect com-
bined type. As compared with the foregoing transmis-
sions of the operation separated and effect combined
type, the difference of this type of transmissions lies in
the fact that the radial rail for constraining the infinitely
meshing device unit 148 is different. In Fig. 57.1, the
whole interior of the conic disc is excavated such that the
outer wall surface 164 of the conic disc and the inner wall
surface 165 are conic surfaces similar in their orienta-
tions. Then several sliding grooves 166 are notched on
the conic surface along its generatrix. See the drawing

viewed from A-direction for the assembly relationship of
the meshing device unit and the conic disc. In Fig. 57.2,
the radial rail is a cylindrical guiding groove 168. Corre-
sponding cooperation between the meshing device unit
and the cylindrical guiding groove employs a cylindrical
rolling translation pair 167. See the drawing viewed from
B-direction for the assembly relationship. The function of
a stretching spring 163 is to assist in stretching, and it is
only provided in the driven shifting disc. At the rest state,
the stretching spring assist in constraining the conic disc,
and can maximize the starting torque of the driven disc
during the next starting.
[0195] Fig. 58 is a view for illustrating the principle of
eliminating a gap between metal blocks on the slack side
of the pressure belt. As shown in this figure, when the
driving conic disc 169 and the driven conic disc 171 rotate
clockwise, the lower portion is the slack side of the pres-
sure transmission belt. There is a minute gap between
the metal blocks, which will cause the metal blocks to
vibrate after entering the driving conic disc 169 to transmit
power. This phenomenon is very severe in particular in
the prior art metal belt CVT in which transmission is im-
plemented only by friction and the pressing force is large,
and is the important reason for wearing metal blocks. At
the same time it also results in decrease of the transmis-
sion efficiency. As shown in this figure, this problem is
solved by adding a device for eliminating a gap between
metal blocks on the slack side. This gap-eliminating de-
vice comprises an urging wheel 172, a pinion 173, a driv-
ing wheel 174, a large gear 175, and a clamping mech-
anism 176, and the like. The urging wheel and the driving
wheel are both pressed firmly onto both sides of the metal
belt (a pressure belt) 170. The urging wheel is fixedly
coupled to the pinion, the driving wheel is fixedly coupled
to the large gear, and the pinion and the large gear main-
tain meshing for transmission. Clearly, the driving wheel
rotates due to the frictional traction of the metal belt. And
after the speed is increased by means of the large gear
and the pinion, the urging wheel is driven to rotate. Since
the rotary speed of the urging wheel is larger than that
of the driving wheel, and the circumferential speed of the
driving wheel is equal to the translation speed of the slack
side of the metal belt, the circumferential speed of the
urging wheel is larger than the translation speed of the
slack side of the metal belt. Therefore the metal blocks
are driven to move at high speed, such that the metal
blocks ahead are pressed one by one so as to eliminate
the gaps therebetween. Furthermore, a motor may be
employed to directly drive the urging wheel 172 such that
its circumferential speed becomes larger than the trans-
lation speed of the metal blocks in contact therewith. Al-
ternatively, the manner of directly impacting via a gas
flow or fluid flow of high speed may also be employed to
urge the metal blocks to accelerate so as to eliminate
gaps. Such a device may be employed in the patent tech-
nique and in the prior art technique, and somehow lower
the requirements on the machining accuracy of the metal
blocks.
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[0196] Fig. 59 is a diagram for analyzing the self-lock-
ing and wedging mechanism of the SSs. The mechanism
in this figure can be analyzed in combination with Fig. 24
(and refer to the terminology of self-locking meshing).
When the contact angle between the SSs and the sur-
faces of the meshing tooth is less than the equivalent
friction angle, the SSs present the property of self-locking
meshing. Such self-locking slants can increase the infi-
nitely meshing property, and at the same time serve to
wedge via centrifugal force and to make the load suffi-
ciently uniform. To increase load capacity and to extend
the endurance, a wearable adhesive layer 190 can be
provided on the surfaces of the meshing teeth of the driv-
ing belt (a wearable metal paste block with high hardness
or a coating of wearable materials can be adhered, or
the belt base can directly undergo hardening treatment).
Such surfaces of the meshing teeth have a property com-
bining rigidity and flexibility. Its surface hardness is large
and it is elastic. It can cushion compacts and suppress
noises, thus its endurance becomes longer.
[0197] Fig. 60 is a diagram of the principle of a mag-
netorheological/electrorheological fluid transmission (I).
[0198] Fig. 61 is a diagram of the principle of a mag-
netorheological/electrorheological fluid transmission (II).
[0199] Fig. 62 is a diagram of the principle of a mag-
netorheological/electrorheological fluid transmission
(III).
[0200] The infinitely meshing device units of this type
of transmissions employ a manner via magnetorheolog-
ical/electrorheological fluid to implement its functionali-
ties. The magnetorheological/electrorheological fluids
are new smart materials, which have broad prospective
applications in mechanical fields. See related documents
for details.
[0201] Now take the "magnetorheological fluid" as an
example to conduct analyses. At the instance before
meshing, there is no magnetic field, and the "magnetor-
heological fluid" takes a liquid form, so it can sufficiently
deform in accordance with the current meshing tooth pro-
files. When a magnetic field is applied after meshing, the
magnetorheological fluid will immediately assume a solid
state and become a solid tooth profile with which it mesh-
es. The magnetic field is removed after the meshing is
released, so the magnetorheological fluid assumes a liq-
uid state. Since the changing time of the magnetorheo-
logical property is on the order of milliseconds, the rhe-
ological frequency is about 100Hz, which suffices for the
applications of 6000 rpm. In Fig. 60.2, the similar mixture
and combination of materials formed by "the magnetor-
heological fluid" and "the electrorheological fluid" and the
SS groups will present advantages in each other and
display much better effects. That is, the SSs, when under
the effect of forces, mix with the magnetorheological fluid,
and the magnetorheological fluid assumes a solid state
so as to enhance the load capacity of the SSs. At the
dynamic instance when the SSs come into meshing, the
magnetorheological fluid that mixes with the SSs as-
sumes a liquid state, so that the SSs can smoothly slide

and deform. Once the SSs assume a complete meshing
state and stop sliding, the magnetorheological fluid mix-
ing therewith assumes a solid state and integrates firmly
with the SSs so as to form a fixed tooth profiles (which
are similar to a reinforced concrete structure, and have
a very strong load capacity) to transmit power. The CVT
shown in Fig. 61 is composed of a driving belt/chain 180
containing magnetorheological/electrorheological fluids
on the inner side, meshing bodies 178 with fixed tooth
profiles, and a conic disc, etc. Magnetorheological/elec-
trorheological fluids are provided on the inner side of the
driving belt base. In other words, the meshing bodies of
the infinitely meshing device unit are of fixed tooth pro-
files, and the profiles of the magnetorheological fluids or
electrorheological fluids on the inner side of the belt base
change according to the deforming of the tooth profiles
of the meshing bodies 178 so as to implement infinitely
meshing.
[0202] The CVT in Fig. 62 comprise a body 181 capa-
ble of infinitely varying radius via magnetorheological/
electrorheological fluids, bodies 177 capable of infinitely
meshing via magnetorheological/electrorheological flu-
ids, and a soft cavity 179 for magnetorheological/elec-
trorheo logical fluids, etc. Its operations of infinitely radi-
us-varying and infinitely meshing are all conducted by
magnetorheological/electrorheological fluids. The proc-
ess of the infinitely radius-varying is implemented by in-
finitely changing the volume of soft cavity 179 for mag-
netorheological/electrorheological fluids and by "lique-
faction deforming" of the magnetorheological/electrorhe-
ological fluids. Once the process of radius varying com-
pletes, the magnetorheological/electrorheological fluids
then solidify and the radius is fixed. The cylinder capable
of infinitely radius-varying can be constructed by this
process. The process of infinitely meshing is conducted
by some bodies capable of infinitely meshing via elec-
trorheological fluids 177 on the outer circumference.
[0203] The "magnetorheological fluids" can be packed
into a soft bag to mesh with the fixed teeth. In order to
facilitate meshing, the fixed teeth for meshing can be
manufactured into an arc shape. Furthermore, the mag-
netorheological fluids may also directly adhere to the sur-
face of the smooth belt, and then mesh with the friction
surface conic disc of high roughness, so as to implement
the similar meso meshing transmission via meshing plus
friction (i.e., a meso meshing transmission). In this way
the structure is further simplified. By manufacturing the
conic disc to have a friction surface and adhering the
material of "magnetorheological fluid" to the side surface
of the driving belt, the friction meshing traction transmis-
sion of a minute type can be realized.
[0204] In addition, this application that combines the
technique of the magnetorheological/electrorheological
fluids with the CVT can be incorporated into the foregoing
related technique of the belt-type CVT (see Fig. 25 and
related figures). Scheme A: the driving belt is the driving
belt with teeth disposed on both sides, as shown in Figs.
27, 30, 31 and 32, and the magnetorheological/electror-
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heological fluids are arranged on the conic surface of the
conic disc. Scheme B: the magnetorheological/electror-
heological fluids are provided on the side surfaces of the
driving belt, and the corresponding conic surface of the
conic disc is disposed with convex teeth and concave
grooves, similar to the conic disc tooth-and-groove wheel
42 as shown in Fig. 19. At the dynamic instances of com-
ing into meshing and releasing from meshing, the mag-
netorheological/electrorheological fluids "liquefy", while
in other regions they are in a "solidified" solid state.
[0205] Fig. 63 is a diagram of the principle of an infi-
nitely meshing transmission with a worm/worm rack.
[0206] The infinitely meshing device unit of this type
of transmissions employs the manner of infinitely mesh-
ing via a worm/worm rack to implement operations. See
the prior art technique "high speed and large power clutch
controlled via variable tooth meshing" (CN patent No.
03156755.X) for "the infinitely displacing principle of
tooth profiles of a worm (the principle of infinitely constant
mesh)" and "the control principle of continuously constant
mesh and infinitely locking". In Fig. 61, shown in Fig. 63.1
is a type in which a worm and a worm rack mesh, wherein
the worm rack indicates a driving belt/chain 183 in a worm
rack toothed shape. Under the driving of a controller 184
(i.e., a controllable driving source, see CN patent No.
0315675.X), the worm 182 infinitely meshes with the driv-
ing belt/chain in a worm rack toothed shape 183 to trans-
mit power. Shown in Fig. 63.2 is a type in which two worm
racks mesh. The two worms mean a driving belt/chain in
a worm rack toothed shape 183 and a worm rack 185.
The tooth profile of the worm rack 185 may be regarded
as the expanded tooth profile obtained by dissecting the
worm along its axis. In this way rotation is transformed
into translation. This is also the characteristic difference
between the worm 182 shown in Fig. 63.1 and the worm
rack 185 shown in Fig. 63.2. Under the driving of the
controller 184, the worm 182 rotates and the worm rack
185 translates, but the purpose is the same, that is, to
follow the tooth profiles of the driving belt/chain in a worm
rack toothed shape 183 so as to implement infinitely
meshing.
[0207] Fig. 64 is a diagram for analyzing the principle
of an infinitely meshing transmission with sliding-blocks.
[0208] The infinitely meshing device unit of this type
of transmissions employs the manner of infinitely mesh-
ing via sliding-blocks to implement operations. Different
from the foregoing, the tooth profiles on the inner side of
the driving belt 186 of this type of transmissions are tri-
angular teeth which mesh through sliding. These teeth
are capable of infinitely meshing via sliding and may au-
tomatically find the meshing points through mechanical
sliding so as to mesh with tapered tooth blocks 187 via
sliding. This device is of a rigid structure composed of
meshing conic teeth capable of infinitely displaced mesh-
ing. The underlying concept is to change the elements
coming into meshing from SSs to the tapered tooth blocks
187. The tooth blocks 187 move in the trails 189. In x
direction, they may return via centrifugal forces, and in y

direction, they are self-locked. In operations, the tapered
tooth blocks may freely return in x direction until they
reach the optimal meshing end of the triangular-tooth
driving belt/chain 186 capable of meshing via sliding so
as to mesh sufficiently with the surfaces of the triangular
teeth. At this time, they are self-locked in y direction such
that no motion in this direction occurs. In this way, power
may be transmitted through this meshing state. By jux-
taposing and operating two types of tapered tooth blocks,
denoted by a and b, which are orientated along comple-
mentary rails, it is realized that the infinitely meshing de-
vice unit may infinitely mesh with the triangular-tooth driv-
ing belt/chain 186 capable of meshing via sliding at any
point in the regions that the tooth blocks can slide, that
is, the infinitely meshing process of the rigid teeth via
sliding is realized.
[0209] Fig. 65 shows another solution of constraining
the SSs, which is an improvement over Fig. 51. Similar
to the structure shown in Fig. 46.5, the manufacture proc-
ess of the meshing unit carrier 155 can be simplified.
[0210] Fig. 66 is a structure diagram of a CVT with a
variable-tooth gear capable of radius varying, which is
an extension from the structure shown in Fig. 40. The
variable-tooth gear capable of radius varying is com-
posed of a number of infinitely meshing device units 148.
The infinitely meshing device units 148 can synchronous-
ly move in the radial direction along their respective radial
sliding trail 123, respectively. Fig. 66-A is a schematic
view showing the meshing state of the infinitely meshing
device units 148 and an internal gear ring 191. Fig. 66-
B is a schematic view showing the meshing state of the
infinitely meshing device units 148 and an external mesh-
ing gear 192. Fig. 66-C is a schematic view showing the
meshing state of a variable-tooth cylindrical gear and the
external meshing tooth segments 193. A multiple-phase
juxtaposing arrangement, as shown in Fig. 66-D, may be
employed to increase power and optimize the transmis-
sion performance.
[0211] Fig. 67 is a schematic view of a conic disc with-
out a physic spindle in the inner side. As shown in the
figure, at the absence of the interference of transmission
shaft between the two conic discs, the infinitely meshing
device unit can move to a region of a smaller radius so
as to achieve a larger transmission ratio.
[0212] Fig. 68 is a schematic view of a flexible structure
carrier of meshing units. The carrier of meshing units
assumes a flexible structure (a pliable structure). In op-
erations, the carrier of meshing units can be pressed firm-
ly onto the inner teeth of the belt so as to sufficiently mesh
therewith. Its curvature may completely coincide with that
of the inner side of the belt, such that the meshing per-
formance with the inner side of the belt is improved and
the meshing amount is increased. As a result, the load
capacity is increased.
[0213] Fig. 69 is a schematic of a transmission of a
type without a centrifugal pressing effect. The radial mo-
tion of the meshing device unit of this type of transmission
is controlled by a radial synchronization controller 196.
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In operations, the centrifugal force poses no centrifugal
pressing effect onto the conic disc 147. It suffices to notch
radial through grooves on the conic disc 147 (see Fig.
69-A). Its radial synchronization controller 196 may take
a screw nut structure as shown in Fig. 69-B. The nut 198
is coupled to the meshing device units 148. The synchro-
nous motions of respective meshing device units 148 in
the radial direction may be achieved by synchronously
controlling the rotation angles of respective screws. Its
radial synchronization controller may take the type shown
in Fig. 70.
[0214] Fig. 70 shows examples of the radial synchro-
nization controller. In Fig. 70-A, each infinitely meshing
device unit 148 comes into contact with the conic surface
of a recessed conic disc 199 via idler wheels 152, and
the synchronous motions of respective meshing device
units 148 in the radial direction may be achieved by con-
trolling the distance of the two recessed conic discs 199
on both sides. In Fig. 70-B, the trajectory of each infinitely
meshing device unit 148 is subject to the constraint of a
respective corresponding spiral rail 201 with a variable
radius on a radius-varying rotary disc 200, via which the
synchronous motions of respective meshing device units
148 in the radial direction may be realized. In Figs. 70-C
and 70-D, the respective infinitely meshing device units
148 are coupled to the radius-varying rotary disc 200 via
a linkage mechanism, with the difference that the struc-
ture in Fig. 70-D employs a two-rod linkage mechanism
to increase the adjustment traveling distance. The syn-
chronous motions of respective meshing device units 148
in the radial direction may be realized by rotating the ra-
dius-varying rotary disc 200. The rotation angle of the
radius-varying rotary disc 200 can be monitored in real-
time by a hydraulic/or mechanic manner automatically.
[0215] Alternatively, the solution of constraining via the
trajectories of idler wheels as shown in Fig. 47 may still
be employed, while only any one of the meshing device
units 148 is necessary to be constrained by the rail of an
idler wheel (that is, there may be provided only one set
of idler wheel and guiding rail groove of conic disc), and
the coupling constraints among all meshing device units
are connected and constrained by a synchronous radial
motion mechanism. In this way it is realized that the ra-
dius are varied synchronously and equally. In addition,
any other methods may be employed, as long as the
meshing device units follow the internal teeth of the belt
to move in the radial direction synchronously so as to
assure reliable meshing. Therefore the infinitely meshing
device units 148 can be inserted into the conic body to
transmit torque without providing any assistant constrain-
ing devices (as shown in Fig. 72, the T-shaped groove
shown in Fig. 50 is changed to a rectangular groove to
cooperate with the infinitely meshing device units). So
the radius is freely varying in the radial direction, and the
driving belt 151 directly imposes a slave radial dimension
constraint on the respective meshing device units 148.
As a result, the structure can be simplified and the mesh-
ing with the teeth on the inner side of the belt is firmer.

However, at this time, it is required that the belt base
have a good strength and be in a high stretching state,
otherwise the polygon effect will occur. Furthermore, in
the non-enveloping zone of the belt base, the radial di-
mensions of the SSs cannot be constrained by the belt
base. Therefore, all the infinitely meshing device units
on the same conic disc should be coupled to each other
by a synchronous radial motion mechanism such that all
infinitely meshing device units move in the radial direction
synchronously. For example, the synchronous constraint
in the radial direction may be implemented by coupling
the linkage mechanism to the radius-varying rotary disc
200. At this time, it is not necessary to control the radius-
varying rotary disc 200 from outside; alternatively, a sim-
ilar structure shown in Fig. 69-B may be employed, but
the screw nut mechanism is not self-locking in either di-
rections. By the joint of the conic gear mechanism 203,
all screw nuts move synchronously so as to implement
the synchronous radial constraints.
[0216] Fig. 71 shows another embodiment of the radial
synchronization controller. In this type of devices, it is
possible that the infinitely meshing device units 48 are
not constrained by means of the radial rails 146 on the
conic disc 147. In this case, it is not necessary to notch
radial rail grooves on the conic disc 147, so the machining
process is simple and the strength is high. However, the
structure shown in Fig. 72 may also be employed for the
purpose of improving the performance of transmitting tor-
ques and radial guiding.
[0217] Fig. 72 is a structure diagram of a conic disc
with rectangular grooves. In the conic disc 147, the T-
shaped groove shown in Fig. 50 is changed to a rectan-
gular groove to cooperate with the infinitely meshing de-
vice units, only for transmitting torques and providing ra-
dial guiding.
[0218] Fig. 73 is a structure diagram of a transmission
of the type containing a central guiding and restraining
disc. In this scheme, a central guiding and restraining
disc 204 is disposed between the two conic discs 147,
such that good performance of transmitting torques and
radial guiding are achieved and it is not necessary to
notch radial rail grooves on the conic disc 147 so as to
assure a good transmission performance. The central
guiding and restraining disc 204 shown in Fig. 73-A is of
a flat disc type; the central guiding and restraining disc
204 shown in Fig. 73-B is of a double-sided conic disc
type; and Fig. 73-C illustrates an example in which a ra-
dial synchronization controller is provided in the center
of the central guiding and restraining disc 204. As shown
in the figure, the controller is a screw nut synchronization
controller. The nuts are coupled to the infinitely meshing
device units 148. The synchronous radial motion control
on the infinitely meshing device units is implemented by
synchronously rotating the screws.
[0219] Fig. 74 is a structure diagram of a separating
device via electromagnetic tractions. For the purpose of
improving the speed-adjustment performance, the infi-
nitely meshing device units 148 may be separated from

77 78 



EP 1 811 205 A1

41

5

10

15

20

25

30

35

40

45

50

55

the inner meshing teeth of the driving belt 151 at the
instance of speed adjustment. Shown in this figure is a
separating SS device via electromagnetic tractions,
wherein the conic disc in the right side employs a com-
bination structure composed of split parts, comprising an
inner conic disc 147 and an outer conic disc casing 205
with some axial spacing therebetween and can move un-
der the effect of an electromagnetic sucking disc 206.
Normally the electromagnetic sucking disc 206 does not
operate, and the inner conic disc 147 and the conic disc
of the outer conic disc casing 205 are superposed, so
that the infinitely meshing device units 148 at this time
mesh with the inner meshing teeth of the driving belt 151
(as shown in Fig. 74-A). When the electromagnetic suck-
ing disc is energized to work, the inner conic disc 147 is
separated from the conic disc of the outer conic disc cas-
ing 205, so that the infinitely meshing device units 148
at this time disengages from the inner meshing teeth of
the driving belt 151 (as shown in Fig. 74-B). Furthermore,
a hydraulic, pneumatic manner may be substituted for
the electromagnetic sucking disc to provide traction forc-
es.
[0220] For the case in which the meshing bodies of the
infinitely meshing device units are SS variable-tooth
meshing devices, the radial displacements of the SSs
can be controlled independently so as to decrease the
required traction strength. For example, the separation
of the infinitely meshing device units from the inner mesh-
ing teeth of the driving belt may be realized only by con-
trolling the seating of the SSs. As illustrated in Fig. 75
which shows an electromagnetic traction controller for
seating SSs, the electromagnetic sucking disc 206 con-
trols the stop bars 207 against returning and seating of
the SSs, and the SSs are seated through electromagnetic
forces, after which a convenient speed adjustment can
be implemented.
[0221] Fig. 76 shows a mechanic traction controller for
seating SSs. When it is necessary to separate the SSs
from the inner meshing teeth of the driving belt, the seat-
ing control disc 209 is rotated, and a cam 208 is entrained
by an idler wheel 152 mechanism to rotate, and further
urges the stop bars against returning and seating of the
SSs 207 to move, so as to seat the SSs to achieve the
separation of the SSs from the inner meshing teeth of
the driving belt.
[0222] Fig. 77 is a diagram showing the structure of a
separated type with single-direction meshing teeth. As
shown in the figure, the inner meshing teeth of the driving
belt 151 is divided into two halves, with one half being
mainly used for meshing with the SSs of the input conic
disc, and the other half being mainly used for meshing
with the SSs of the output conic disc, so that the tooth
surfaces in each half can be designed to be single-direc-
tion tooth surfaces (as shown in figures). Accordingly, at
this time the corresponding SSs should be divided into
two sets (as denoted by a and b in Fig. 47, the driving
disc may be provided with SSs in the SS holders only at
the location a, and the driven disc may be provided with

SSs in the SS holders only at the location b), thus the
SSs may, at the time of adjusting the speed, freely dis-
place with respect to the single-direction meshing tooth
surfaces at one side of the single-direction slidable tooth
surfaces, so as to realize staggered displacements of the
circumferential dimensions at the time of radius varying
and to improve the readiness and the convenience of
speed adjustment.
[0223] Fig. 78 is a CVT with a meshing type steel ring.
A steel ring 210 with meshing teeth on the inner side
substitutes for the flexible driving belt to implement power
transmission. Its structure is similar to the prior art CVT
of a steel ring type, with the difference that the power
transmission is mainly implemented by the meshing be-
tween the inner meshing teeth of the steel ring and the
infinitely meshing device unit. Multiple phases may also
be provided to work in parallel so as to increase power
and optimize the output performance.
[0224] Fig. 79 shows a CVT of a type in which steel
needles and steel sheets mesh, which is characterized
by the fact that the infinitely meshing is implemented by
interposing the steel needles 211 and steel sheets 212
into each other. As shown in the right figure, the steel
needles 211 are disposed throughout the inner side of
the belt, and the steel sheets 212 are provided throughout
the outer side of the wheel. The infinitely meshing is im-
plemented by interposing the steel needles 211 and steel
sheets 212 into each other, such that the structure is
simple and the cost is low, therefore it can be applied in
normal applications.
[0225] Fig. 80 shows an infinitely meshing transmis-
sion with fluid deformable at a fixed volume. Its infinitely
meshing device unit is a deformable meshing unit 213
that is closely filled with fluid and has a fixed volume. The
infinitely meshing is implemented by meshing with the
inner teeth of the driving belt 151 through the deformable
property of the fluid at a constant volume. Such fluid may
be magnetorheological fluid.
[0226] Fig. 81 is a structure diagram of a Mode A trans-
mission which has been put into practice. This transmis-
sion is composed of a Mode A main wheel body (I), a
Mode A main wheel body (II), a Mode A assistant wheel
body, Mode A support SSs, and Mode A SSs, etc. Refer
to the foregoing for its operation principle.
[0227] Fig. 82 is a structure diagram of a Mode B trans-
mission that has been put into practice. This transmission
is composed of a Mode B main wheel body, a Mode B
assistant wheel body, Mode B SSs, a nut fork, and a
speed adjustment guiding sleeve, etc. Refer to the fore-
going for its operation principle.
[0228] The SSs and the sliding-needles can return un-
der the effect of gravity, attraction force, repellent force,
elastic force, spring force, electromagnetic force, centrif-
ugal force, inertial force, hydraulic pressure, gas pres-
sure, flow impact force from gas, and liquid, etc. For ex-
ample, in the manner of returning under electromagnetic
force, the electromagnet itself may be stationary, and
magnetic induction is utilized to constrain and return the
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moving SSs. This manner of returning under electromag-
netic force has such advantages as good controllability
(it is convenient to realize automatic meshing and disen-
gaging via control) and high reliability (free of the influ-
ence from gravity).
[0229] A series of transmissions can be derived from
equipping the transmission herein with other stepped
transmission , so that a broader shifting range and a larg-
er load power can be achieved.
[0230] "The principle of infinitely deforming variable-
tooth via SSs" can be utilized to direct the designs of
speed shifting. The techniques disclosed in such descrip-
tions as its theoretical models, embodiment models,
schematic views, structure diagrams, specific embodi-
ments, etc. can be used to concretely design various
types of transmissions. The embodiment mechanisms
illustrated in the present patent are all typical examples.
Not all embodiment mechanisms have been particular-
ized in this description. This technique of the SS variable-
tooth gear can be applied to all prior art CVTs to transform
their friction driving into meshing driving. All other types
of CVTs may employ this principle of a deforming varia-
ble-tooth via SS to implement infinitely meshing trans-
mission. All the technique solutions that utilize the tech-
nical domain of any models, mechanisms, components
disclosed herein, cross re-combinations thereof, inter-
collocations thereof, combination mechanic schemes
thereof, and the embodiments thereof in various appli-
cation fields shall fall within the scope of the invention.
All conducts that employ this speed shifting principle to
the designs of speed shifting and for applications without
permission of the applicant are infringements of the in-
vention.
[0231] The concept of "a variable-tooth gear" pro-
posed herein is a term specific for the present patent. It
bears no pertinent purview relationship with the prior art
"speed reducer via variable-tooth transmission".
[0232] The accompanying drawings only aim at briefly
illustrating the conceptive constructions and the principle
structures of the patent, and intend to display the disclo-
sure clearly and expressly and to describe the important
structures with the least figures. Therefore expressions
are given in a manner that brief illustrations and detailed
descriptions are combined in an organized manner, in
other words, the schematic figures and the detailed fig-
ures are drawn in combination. At the same time, views
from other directions, cross sectional views or enlarged
views are not given with regard to the similar structures,
for the purpose of reducing the number of figures. Fur-
thermore, standard members, general members, and
component without specific significances or without spe-
cific functionalities, for example, an input shaft and an
output shaft, etc., are denoted by the same terms and
reference numerals throughout the description so as to
be succinct and clear. Cross references should be made
upon reading the drawings.

Claims

1. An infinitely meshing variable-tooth gear with slida-
ble-sheet formed teeth (SSFT), characterized in
that, it consists of a gear body and a plurality of sli-
dable-sheets (SSs) provided in the gear body;
wherein the SSs can freely slide so as to form a tooth
profile of any shape.

2. The infinitely meshing variable-tooth gear with SSFT
according to claim 1, characterized in that, at least
one SS holder is provided in the gear body of the
variable-tooth, and the SS holder is a support SS
holder or a fill SS holder; and according to its ar-
rangement manner, the SS holder is classified into
a spaced type or a continuous type, where the
spaced type is constituted by the SSs being arranged
at intervals, and the continuous type consists of al-
ternately arranged support SS holders and fill SS
holders;

said SSs are arranged in the SS holders; a SS
assembly is at least formed by a ring of SS
groups that are classified into the spaced type
and the continuous type; the ring of SS groups
consists of a plurality of SS groups each being
formed by a plurality of effect-equivalent SSs
attached together; rings of SS groups comprise
a spaced type ring of SS groups, wherein each
SS group consists of SSs of the same type, and
a continuous type ring of SS groups, which is
formed by combining alternately arranged SSs
of different types, including "the support SS
groups" and "the fill SS groups"; the SSs com-
prise support SSs and fill SSs, respectively
placed in support SS holders and fill SS holders
disposed alternately, thereby constituting a
complete ring of SS groups having independent
function, and the same variable-tooth gear hav-
ing a plurality of rings of SS groups is referred
to as a multiple-ring variable-tooth gear; the SSs
can freely move within a certain range in the
respective SS holders, and the tooth profile of
any shape can be formed by the free movement
of the SSs;
the sliding trajectory of the SSs can be classified
into a type of returning in a same direction and
a type of returning in an oblique direction; can
be classified into a spur SS type and a bevel SS
type, according to the arrangement orientation
of the SSs; can be classified into an outside sup-
port type, an outside interaction crossing sup-
port type, a central support type, a central inter-
action crossing support type, an outside and
central double support type, and an outside and
central interaction crossing support type, ac-
cording to the embedding and inserting manner
of the SSs into the gear body and the manner
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of the gear body with respect to position, support
and stop of the SSs; can be classified into re-
turning types via gravity, attraction force, repel-
lent force, elastic force, spring force, electro-
magnetic force, centrifugal force, inertial force,
hydraulic pressure, gas pressure, flow impact
force from gas and liquid, etc., according to the
types and forms of the returning driving forces
acting on the SSs; and can be classified into free
returning SSs and passive returning SSs;
the constraining device for the SSs is stop legs
(25) for the SSs or is an outer constraining ring
(23), wherein there can be one or two stop legs
for the SS; the stop leg for a SS is of a convex
type or a concave type, alternatively, a con-
straining ring, string or rod can be inserted
through a hole which is punched in a SS to carry
out constraining;
the variable-tooth gear can be classified into a
spaced type variable-tooth gear and a continu-
ous type variable-tooth gear according to the ar-
rangement of SS groups in a ring of SS groups;
can be classified into a single-ring variable-tooth
gear and a multiple-ring variable-tooth gear ac-
cording to the number of the rings of SS groups
contained in one single gear; can be classified
into a variable-tooth gear of a returning in a same
direction type and a returning in an oblique di-
rection type according to the sliding trajectories
of the SSs; can be classified into a spur SS var-
iable-tooth gear and a bevel SS variable-tooth
gear according to the properties of the profiles
of the SS meshing teeth; and can be classified
into a combination type, a layered combination
type and a single-piece type according to the
structure of the gear body;
said infinitely meshing variable-tooth gear with
SSFT is a variable-tooth cylindrical gear config-
ured by superposing two halves, each half con-
sisting of restraining wall surfaces for support
SSs and fill SSs, positioning and supporting stop
bosses, centrifuge-restraining wall surfaces for
SSs, SS retracting seat restraining surfaces,
and a superposing surface of a wheel and a disc,
etc. the two halves constituting a complete gear
body when superposed to each other, and the
SS restraining wall surfaces, the positioning and
supporting stop bosses, the centrifuge-restrain-
ing wall surfaces for SSs, and the SS retracting
seat restraining surfaces being superposed so
as to form a ring of SS holders;
alternatively, said infinitely meshing variable-
tooth gear with SSFT is a variable-tooth conic
gear configured by a variable-tooth conic gear
body (39) and an assistant wheel body (I), two
rings of SS groups being symmetrically ar-
ranged on both sides of the variable-tooth conic
gear body (39), with the ring of SS groups being

composed of the SSs specialized for the varia-
ble-tooth conic gear, each of the two sides of
the variable-tooth conic gear and one assistant
wheel body (I) in combination forming a ring of
SS holders, in which a ring of SS groups is dis-
posed; or, the variable-tooth conic gear is com-
posed of a variable-tooth conic gear body of a
vane wheel shape and an assistant wheel body
(II), the SSs employing SSs of the type in which
both sides integrally operate; or, the variable-
tooth conic gear can be dispensed with one of
its two symmetric halves to form a variable-tooth
conic gear of a single-ring bevel type;
alternatively, said infinitely meshing variable-
tooth gear with SSFT is a multiple-ring variable-
tooth conic gear comprising a multiple-ring var-
iable-tooth gear (62), a wheel basic body (63)
and a SS assembly; the SS assembly is a SS
assembly of a multiple-ring spaced type, with all
SSs being the single and same type of SSs spe-
cialized for the variable-tooth conic gear, the
SSs of the same type being arranged at intervals
to form a ring of SS groups, a plurality of rings
of SS groups of different radii constituting the
whole SS assembly of a multiple-ring spaced
type; wherein the SSs can be regularly arranged
or arranged in a staggered manner;
alternatively, the multiple-ring variable-tooth
conic gear is of a structure of a layered combi-
nation type, being composed by combining a
plurality of layered wheel bodies and a wheel
base body (II); the layered wheel bodies can be
classified into the wheel body specialized for the
SSs with two stop legs and the wheel body spe-
cialized for the SSs with one stop leg;
alternatively, the multiple-ring variable-tooth
conic gear is of a one-piece structure, installa-
tion holes (72) for embedding the SS holders
are trepanned at the positions of its working sur-
faces corresponding to the arrangement loca-
tions of the SS groups, the SS groups are fitted
in groups into each separate free SS holder (71),
the free SS holders (71) are fitted into the instal-
lation holes (72) for embedding the SS holders,
either by means of interference fitting, thermal
fitting or weld fitting; or by means of thread fitting,
the screw coupling surfaces of the SS holders
(71) and the installation holes (72) are threaded
surface; the installation holes (72) can be quad-
rate holes or circular holes; or by means of clear-
ance fitting, the returning trajectories of the SSs
can be a type of "returning in a same direction"
or a type of "returning in an oblique direction";
alternatively, the multiple-ring variable-tooth
conic gear can employ a principle of arranging
the wide and narrow SSs in a staggered manner
so as to densely arrange the SSs throughout the
disc;
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the variable-tooth conic gear of a small taper
can be classified into a parted type structure and
a one-piece type structure, comprising a contin-
uous type, wherein the SS groups are super-
posed without gap therebetween and the rings
of SS groups are composed by alternatively ar-
ranging the same type of SS groups at intervals;
and a spaced type, wherein there are gaps be-
tween the SS groups and the rings of SS groups
contain SS groups of the same type; "a stag-
gered relaying" manner or a non-staggered
manner can be employed to arrange the SSs;
or the variable-tooth conic gear of a small taper
takes a structure of "one-piece multiple-ring var-
iable-tooth gear", installation holes for embed-
ding the SS holders are trepanned at the posi-
tions of its working surfaces corresponding to
the arrangement locations of SS groups, the SS
groups are fitted in groups into each separate
free SS holder, and the free SS holders are fitted
into the installation holes for embedding the SS
holders;
a variable-tooth flat disc gear of the type of re-
turning in an oblique direction is composed by
a variable-tooth gear body of the type of return-
ing in an oblique direction, and an assistant flat
disc wheel body of the type of returning in an
oblique direction; the returning trajectories of the
SSs are arranged to form an angle with the di-
rection of the returning forces;
a variable-tooth inner conic disc gear of the type
of returning in an oblique direction is composed
by a variable-tooth gear body of the type of re-
turning in an oblique direction and an assistant
inner conic wheel body of the type of returning
in an oblique direction; the returning trajectories
of the SSs are arranged to form an angle with
the direction of the returning forces;
a single-ring SS wheel of the type returning via
elastic force: through channels are made on the
flat disc to form a single-ring SS holder ring into
which SSs are disposed;
a multiple-ring SS wheel of the type returning
via elastic force: through channels are made on
the flat disc to form multiple-ring SS holder rings
into which SSs are disposed;
a multiple-ring SS conic wheel of the type re-
turning via elastic force: through channels are
made on the double-sided conic disc to form
multiple-ring SS holder rings into which SSs or
sliding-needles are disposed;
the arrangement of the SS holders can be a nor-
mal type and a staggered relaying type;
alternatively: sliding-needles are disposed in the
SS holders (may also referred to as sliding-nee-
dle holders) which can be rectangular, circular
or sector in shape;
the constraining wall surfaces and the position-

ing and supporting stop bosses of all the varia-
ble-tooth gears and the SS wheel bodies are of
an outside support type, an outside interaction
crossing support type, a central support type, a
central interaction crossing support type, an out-
side and central double support type, or an out-
side and central interaction crossing support
type.

3. The infinitely meshing variable-tooth gear with SSFT
according to claims 1 or 2, characterized in that, a
SS variable-tooth gear can mesh with a disc having
convex teeth and concave grooves for meshing and
a tooth-and-groove bench to implement infinitely
meshing transmission and realize continuously var-
iable shifting and continuously clutching, so as to
manufacture a CVT and a SS clutch;

its key components include an infinitely meshing
variable-tooth gear with SSs, a tooth-and-
groove wheel and a tooth-and-groove meshing
ring,
a CVT with a variable-tooth cylindrical gear: the
input shaft is coupled to the tooth-and-groove
wheel, the variable-tooth gear is coupled to an
output shaft via guiding splines or splines, the
variable-tooth gear can freely move in the axial
direction while transmitting torques, thereby
continuously varying the meshing radius with
the tooth-and-groove wheel to perform continu-
ously variable transmission; an electromagnet
or a permanent magnet can be provided on the
tooth-and-groove wheel disc or at a place cor-
responding thereto so as to induce magnetic
forces onto the SSs to make them return, or a
permanent magnet or an electromagnet can be
provided inside the variable-tooth gear, all SSs
are permanently magnetized or electro-magnet-
ized so as to be moved outwards via repellent
forces to implement returning; alternatively, re-
turning can be performed via the magnetic in-
duction interactions between the magnetic field
and the inducing current induced by the move-
ment of SSs in the magnetic field (or alternate
electromagnet field); alternatively, the genera-
tion device which generates the returning driving
forces for SSs can be stationary and does not
participate in motion, the electromagnet itself
can be stationary and does not follow the tooth-
and-groove disc to move, the SSs can be at-
tracted to return by magnetic induction; (as for
returning via electromagnetic forces) the design
radial dimension of free centrifugal returning at
the state of SSs separating from the gear wheel
can be larger than, equal to, or smaller than the
returning radial dimension when meshing with
the tooth-and-groove wheel; a central recess (9)
can be provided at the center of the tooth-and-
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groove wheel; the distance between the grooves
of the tooth-and-groove wheel can be or can not
be a multiple of the distance between the SS
groups; a lubricant hole (or a lubricant slit) can
be provided on the wheel body, the inside of the
wheel body can also be designed as a structure
of a centrifugal pump, a friction traction ring (22)
can be provided at the outer edge of the variable-
tooth gear, the friction traction ring can be made
of elastic materials such as rubber; an non-
closed outer constraining ring for SSs (23) can
be disposed on the outer circumference of the
variable-tooth gear, an arc-shaped transition
guiding zone (24) can be designed in the direc-
tion that faces the SSs’ rotations into the con-
straining ring so as to improve the operation re-
liability, now the SSs can be dispensed with the
stop legs, the SSs can also be replaced by slid-
ing-needles; alternatively, a stress-suppressing
pad layer (26) can be attached to the bottom of
the concave grooves of the tooth-and-groove
disc, which pad is generally made of elastic and
soft filling materials, such as spray coating rub-
ber materials, etc.;
a multiple-shift speed transmission with a vari-
able-tooth cylindrical gear, characterized in
that , the tooth-and-groove disc is of the type
specialized for stepped transmission, after the
pattern of teeth and grooves are optimized for
each segment and for each step, the distribution
of the tooth profiles of the tooth-and-groove disc
is made regular, shuttle-shaped teeth can be
staggered or uniformly arranged in the radial di-
rection; or a shuttle-shaped gear (30) can re-
place the SS variable-tooth gear to implement
meshing transmission via fixed meshing teeth
with a shuttle-shaped toothed disc (31);
a constant mesh multiple-speed transmission
comprises a concentric toothed disc with multi-
ple cones (32), transmission shaft (33), conic
gear (34), a reverse-shifting gear (35), the con-
centric toothed disc with multiple cones (32) is
configured by concentrically arranging a plural-
ity of conic gears of different radii, the conic gear
at each radius has its respective conic gear
which keeps constant mesh therewith, a syn-
chronous meshing shifting manner containing a
synchronizer locking ring and a coupling sleeve,
or an electronically or hydraulically controlled
clutch, or the shifting device of the SS clutch in
this patent is employed by the conic gear and
its respective transmission shaft to implement
stepped or automatic speed shifting;
alternatively, in a combination design of multi-
ple-phase sets a parallel coupling can be em-
ployed to increase power, or a series coupling
can be employed to increase transmission ratio;
the multiple-phase variable-tooth gear arranged

in the manner of parallel coupling can be distrib-
uted according to the progressive differential
principle; the two sides of the SS variable-tooth
gear can mesh with the tooth-and-groove disc
so as to output power in shunt; or a type with a
single tooth-and-groove disc and transmitting at
both sides of the variable-tooth gear can be em-
ployed;
a CVT with variable-tooth conic gear: its key
components include conic disc tooth-and-
groove wheels (42) and a variable-tooth conic
gear (43) and the like; other components include
a shifting lever (44), a sun gear (45), a planet
gear (46), an output shaft is fixedly coupled to
the conic disc tooth-and-groove wheel to intro-
duce power flow, two conic disc tooth-and-
groove wheels are symmetrically disposed to
sandwich a double-ring variable-tooth conic
gear therebetween, the two conic disc tooth-
and-groove wheels mesh with the double rings
of the SSs of the variable-tooth conic gear, re-
spectively, so as to implement meshing trans-
mission to output power; the variable-tooth conic
gear and the planet gear 46 are concentrically
fixedly coupled, and are coupled to a planet
bracket via a rotary pair, the rotary axis of the
planet bracket is concentric with the sun gear
and the output shaft, the planet gear meshes
with the sun gear, and the sun gear is fixedly
coupled to the output shaft;
alternatively: the conic tooth-and-groove wheels
serve as "a shifting and displacing wheel" fixedly
coupled to the planet gear;
alternatively: the shifting assistant mechanism
can be of other types;
alternatively: the variable-tooth conic gear is re-
placed with a variable-tooth flat disc gear of the
oblique returning type, the conic disc tooth-and-
groove wheels are replaced with flat disc tooth-
and-groove wheels; the meshing type therebe-
tween can be of an inner meshing type or an
outer meshing type;
the pressing force between the tooth-ant-groove
wheels and the variable-tooth gear can be very
small or even nil; or the tooth-and-groove wheels
and the variable-tooth gear do not contact with
each other, with spacing therebetween, and the
meshing transmission is completely implement-
ed by returning SSs;
alternatively: a structure of a single conic disc
tooth-and-groove wheel and a single-ring vari-
able-tooth conic gear, or an arrangement of "two
variable-tooth conic gears sandwiching the dou-
ble-sided conic disc tooth-and-groove wheels in
the opposite directions" can be employed to per-
form transmission;
a planet conic disc variable-tooth gear CVT: the
conic disc tooth-and-groove wheel (42) serves
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as a sun gear, with a plurality of variable-tooth
conic gears arranged on its circumference as
planet gears, the outer sides thereof mesh with
a large tooth-and-groove wheel of an inner
meshing type (48), so as to constitute a trans-
mission structure of a planet conic disc type; in
addition, an inner meshing single-stage trans-
mission can also be employed, with the variable-
tooth conic gear (43) meshing with the large
tooth-and-groove wheel of the inner meshing
type (48);
the shifting and transmission structure of the var-
iable-tooth gear can be: a variable-tooth conic
gear meshing with a tooth-and-groove wheel of
an inner meshing type to implement transmis-
sion; a variable-tooth conic gear meshing with
a tooth-and-groove wheel of an outer meshing
type to implement transmission; an oblique re-
turning variable-tooth gear of a flat disc type
meshing with a tooth-and-groove wheel of an
outer meshing type to implement transmission;
an oblique returning variable-tooth gear of an
inner conic disc type meshing with a tooth-and-
groove wheel of an outer meshing type to im-
plement transmission; a tooth-and-groove
wheel of a flat disc type meshing with a variable-
tooth conic gear; a variable-tooth conic gear with
a small taper meshing with a tooth-and-groove
wheel of an outer meshing type to implement
transmission, wherein: B in the meshing manner
of the variable-tooth conic gear with the tooth-
and-groove wheel, the meshing curvature and
orientation match; a conic disc tooth-and-groove
wheel with a small taper meshing with a variable-
tooth conic gear; wherein the conic disc tooth-
and-groove wheel with a small taper is a hollow
tooth-and-groove wheel having meshing teeth
and grooves on the inner and outer conic sur-
faces, and can mesh in the inner side with the
variable-tooth conic gear or mesh in the outer
side with the variable-tooth conic gear;
a multiple-disc type transmission: by alternative-
ly superposing a plurality of variable-tooth conic
gears with large tapers and the tooth-and-
groove wheels of large tapers, their meshing
points can be designed in accordance with the
progressive differential principle;
alternatively: the generation device which gen-
erates the returning driving forces for SSs can
be stationary and does not participate in motion,
for example: the electromagnet itself can be sta-
tionary and does not follow the tooth-and-groove
disc to move, and the SSs can be attracted to
return by magnetic induction;
a belt type CVT with a multiple-ring variable-
tooth conic gear: being composed of two pairs
of multiple-ring variable-tooth conic gears, the
rotational shafts of which are parallel, with sand-

wiching a driving belt, the distance between the
convex and concave meshing grooves of the
driving belt and the distance between the SS
groups can be designed in accordance with "the
progressive differential principle";
a belt CVT of returning via elastic nipping force
type: the SS holders are formed by making
through channels on the double-sided conic
disc, a multiple-ring SS conic wheel of returning
via an elastic force type is formed by placing the
SSs or sliding needles into the holders, these
holders are arranged by disposing, according to
the principle of the convex and concave portions
opposing each other, two belts with opposing
teeth and grooves arranged on the two working
side surfaces thereof, in the way that the driving
belts’ convex teeth and concave grooves are op-
posed to each other, the SSs are urged to slide
transversely, and therefore implement returning
via elastic forces, so as to implement the mesh-
ing transmission of the conic wheel and the belt;
the overall layout of the conic wheel and the driv-
ing belts: the two driving belts are stretched by
the two set of SS conic wheel assemblies, the
rotation shaft of which are parallel, to implement
power transmission, each set of SS conic wheel
assembly comprises a double-sided conic disc,
two support conic discs, and the driving belt con-
sists of two clipping tooth-and-groove belts with
convex teeth and concave grooves arranged on
the working side surfaces thereof;
a wheel CVT of returning via elastic nipping force
type: consists of a pair of conic disc tooth-and-
groove wheels and a single-ring SS wheel of
returning via elastic force type sandwiched by
the opposing convex teeth and concave grooves
of the conic disc tooth-and-groove wheels, the
single-ring SS wheel of returning via elastic force
type comprises a SS wheel body for translations,
fill SSs of returning via elastic force type and
support SSs of returning via elastic force type;
and it can be classified into an inner meshing
type and an outer meshing type;
a transmission in which the flat disc type tooth-
and-groove wheel oppositely clips SSs of return-
ing via elastic force type: comprises a pair of flat
disc tooth-and-groove wheels and a single-ring
SS wheel of returning via elastic force type, with
the single-ring SS wheel being sandwiched by
the opposing convex teeth and concave
grooves;
transmissions of a small taper variable-tooth
conic gear series: the input variable-tooth conic
gear and the output variable-tooth conic gear
are arranged conversely, the two variable-tooth
conic gears are coupled by an inner meshing
cylindrical tooth-and-groove ring with meshing
teeth and grooves on the inner surface to imple-

89 90 



EP 1 811 205 A1

47

5

10

15

20

25

30

35

40

45

50

55

ment continuously variable shifting; or, the two
variable-tooth conic gears are coupled by a con-
ic tooth-and-groove ring with meshing teeth and
grooves on both the inner and outer surfaces to
implement continuously variable shifting; or: the
two variable-tooth conic gears are coupled by
an inner meshing cylindrical tooth-and-groove
ring with meshing teeth and grooves on both the
inner and the outer surfaces to implement con-
tinuously variable shifting;
alternatively: the input variable-tooth conic gear
and the output variable-tooth conic gear are ar-
ranged in the same direction, the type of an in-
termediate member can implement transmis-
sion via a rigid conic toothed ring of inner mesh-
ing type, and can also implement transmission
via a flexible belt, for example, via meshing of
the driving belt with meshing teeth and grooves
on the inner surface thereof with the two varia-
ble-tooth conic gears to implement transmis-
sion;
alternatively: a one-stage direct transmission
type can be employed, which is a type without
any intermediate member; transmission is per-
formed via directly meshing of the variable-tooth
conic gear having a small taper with the rigid
tooth-and-groove ring;
a variable-tooth rotary shaft roller gear CVT
comprises: key components: a variable-tooth
cylindrical gear , a rotary shaft roller wheel; and
assistant components: a fixing bracket, a revo-
lution bracket, a planet conic gear, a sun conic
gear and the related components; the variable-
tooth cylindrical gear is coupled to the output
shaft, and is fitted on the fixing bracket; the rotary
shaft roller wheel and the planet conic wheel
(116) are coupled to the output shaft (33), and
are fitted on the rotatable bracket, the planet
conic wheel (116) meshes with the sun conic
gear (117), the sun conic gear is coupled to the
input shaft; as the shifting lever (44) is turned,
the whole revolution bracket will rotate around
the axis of the input shaft, at which time the plan-
et conic gear rotates around the sun conic gear,
but the meshing state therebetween can be al-
ways maintained so as to transmit the torque of
the input shaft to the rotary shaft roller wheel,
due to the rotations of the revolution bracket, the
angle between the rotation axes of the rotary
shaft roller wheel and the variable-tooth cylin-
drical gear is changed, so that the transmission
ratio varies;
alternatively: a rotary shaft roller wheel of the
type in which the density of the rollers can be
changed can be employed, the density/number
of the rollers can be changed according to
changes of the transmission ratio, all rollers
come into operation at high speeds, and the

number of rollers that operate at low speeds is
reduced to half of the total number; the roller
wheel with variable density is configured by in-
terposing two halves with sparse rollers, when
it is required that the roller wheel has denser
rollers, the two half roller wheels can be inter-
posed so as to double the roller density, and the
density will be reduced to one half if the two
halves are separated;
alternatively: multiple-phase mechanisms can
be arranged in parallel, wherein two variable-
tooth cylindrical gears are employed at an upper
position and a lower position to mesh with the
rotary shaft roller wheel, so as to double power;
an arrangement can also be employed where
two rotary shaft roller wheels are provided re-
spectively at an upper position and a lower po-
sition of the variable-tooth cylindrical gear to
mesh therewith;
alternatively: a multiple-phase layout can be em-
ployed, wherein a plurality of rotary shaft roller
wheels is provided along the circumferential di-
rection of the variable-tooth cylindrical gear to
mesh therewith; or: a plurality of variable-tooth
cylindrical gears is provided along the circum-
ferential direction of the rotary shaft roller wheel
to mesh therewith;
the rollers of the rotary shaft roller wheel can
take a conic shape, and the performance of con-
tinuously variable transmission is basically im-
proved by using of the self-locking property; its
working surface can also be made to be an arc
shape; alternatively: the rotary shaft roller wheel
can be replaced with a gear, a bevel gear, a
worm wheel or a worm to mesh with the SSs of
the variable-tooth cylindrical gear, the variable-
tooth cylindrical gear can also be replaced with
a variable-tooth conic gear;
alternatively: a transmission in which the rota-
tion shaft of the rotary shaft roller wheel is fixed
and the rotation shaft of the variable-tooth cylin-
drical gear can rotate is employed;
a variable-tooth CVT with a radius-varying metal
block belt: comprises a metal block belt wheel,
the radius of which belt is continuously variable,
and a variable-tooth cylindrical gear; continu-
ously variable shifting is realized by changing
the radius spanned by the metal blocks of the
metal block belt wheel and making them mesh
with the variable-tooth gear; the metal block belt
wheel, the radius of which belt is continuously
variable, is composed by two opposing conic
discs sandwiching a metal block belt therebe-
tween, the metal block belt is a flexible convex-
concave tooth block belt (also referred to as a
chain of tooth blocks) consisting of alternately
superposing several convex tooth blocks (119)
and concave tooth blocks (120) coupled by a
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tooth block coupling string (118) running there-
through, the radius of the metal block belt on the
conic disc can be changed as the distance of
the two opposing conic discs changes, so as to
implement continuously variable radius; alterna-
tively: in order to improve the unity of the metal
block belt wheel, the conic surface of the conic
discs can be provided with convex-concave
grooves so as to mesh with the flexible metal
block belt to form a stable unity, at which time
the side wall of this metal block belt is of a SS
belt structure; or elastic force and spring force,
etc. can be employed to return the SSs and
make them mesh; in addition, the conic disc can
also be replaced with a multiple-ring variable-
tooth conic gear, the meshing surface is formed
by alternately superposing the convex and con-
cave tooth blocks of the metal block belt so as
to mesh with the SSs of the variable-tooth conic
gear, or in order to facilitate shifting via sliding
in the radial direction, idler wheels (141) can be
provided on the side walls of the metal blocks;
alternatively: the metal block belt can also be
replaced by a rubber belt with grooves on the
outer side and on both the side walls; a trans-
mission assembly being capable of working con-
tinuously can be formed by symmetrically ar-
ranging two metal block belt wheels, with each
wheel meshing with one variable-tooth cylindri-
cal gear, and a continuous output of power flow
is realized by alternate complement meshing of
two variable-tooth cylindrical gears and two met-
al block belt wheels; a metal block belt wheel
with continuously varying radius can be of an
inner stretching type, in which the stretching de-
vice is located inside of the wheel body, or of an
outside stretching type, in which the stretching
device is located outside of the wheel body, and
the stretching string and stretching device there-
of can be arranged sideward; alternatively: a
gear with a fixed number of teeth can be substi-
tuted for the variable-tooth gear to mesh with
the metal block belt so as to implement contin-
uously variable shifting;
a variable-tooth gear CVT with radius-varying
tooth segments: comprises a toothed ring as-
sembly capable of changing radius continuous-
ly, and a variable-tooth cylindrical gear, etc,
where continuously variable shifting is realized
by changing the radius spanned by the toothed
ring and making it mesh with the variable-tooth
gear; the toothed ring capable of changing radi-
us continuously is formed by combining several
tooth segments, each of which is coupled to the
radial sliding rail via a translation pair, to assure
the continuity of the working tooth surfaces of
the toothed ring, at least two sets of toothed rings
are alternately arranged in a staggered manner

to form a toothed ring assembly, each set mesh-
ing with a variable-tooth cylindrical gear, respec-
tively, or meshing with different rings of SS
groups of a double-ring variable-tooth cylindrical
gear, so as to form a CVT assembly capable of
independently performing a work cycle, a con-
tinuous output of power flow is thus realized by
alternate complement meshing of two variable-
tooth cylindrical gears and two toothed rings; al-
ternatively: the combination of the two sets of
toothed rings can be replaced with a single-
toothed ring formed by the step tooth segments
(125) being alternately interposed; the meshing
manner of the variable-tooth gear and the radi-
us-varying toothed ring can take an inner mesh-
ing type and an outer meshing type;
a transmission mechanism of an inner meshing
planet type: variable-tooth gears mesh with a
large toothed ring composed of a plurality of
tooth segments from inside, the variable-tooth
gears and gears (a) are coaxially fixedly cou-
pled, the gears a and gears b mesh with each
other, gears (b) in turn mesh with a sun gear,
the rotation shafts of gears (a), gears (b) and
the sun gear (45) are coupled in a triangular
shape via a planet bracket (50), the distances
of the shafts of the gears (a) and gears (b) are
fixed, the distances of the shafts of the gears (b)
and the sun gear (45) is fixed, and the gears (a)
and the sun gear (45) are coupled by a coupling
body (142) in such a way that the distance be-
tween their shafts can be continuously adjusted;
during speed adjusting, the radius of the toothed
ring assembly is changed and the distance be-
tween the shafts of gears (a) and the sun gear
(45) is synchronically changed so as to imple-
ment shifting; generally, "the sun gear and the
planet bracket" serve as input and output trans-
mission terminals; alternatively: the tooth seg-
ments can employ non-involution tooth profiles;
the variable-tooth gear can employ "transmis-
sion by SSs with bevel teeth"; alternatively: a
single-ring variable-tooth cylindrical gear having
wider SSs can also be employed to replace the
set of two variable-tooth cylindrical gears or the
double-ring variable-tooth cylindrical gear;
a SS clutch of an axial coupling type : generally
comprises teeth and grooves of two tooth-and-
groove disc surfaces oppositely clipping a SS
wobble-plate;
a shifting transmission with a constant mesh SS
type gear: comprises a constant mesh gear with
a tooth-and-groove disc on a side wall, a shifting
lever, a thrust bearing, oppositely clipping
grooved disc for returning via elastic force, po-
sitioning and coupling pins, a SS wobble-plate
and bolts; the transmission shaft is coupled to
the wobble-plate via a guiding spline, the SS
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wobble-plate is divided into two halves to be cou-
pled by a bolt into a whole, each half wobble-
plate is provided with a ring of SS groups which
functions independently, the two rings of SS
groups are clipped by a pair of tooth-and-groove
discs with opposing teeth and grooves, respec-
tively, the pair of opposite clipping tooth-and-
groove discs refer to a mobile tooth-and-groove
disc (129), and the sidewall tooth-and-groove
disc surface of the constant mesh gear (127),
both being coupled by the positioning and cou-
pling pin (130) to assure synchronous rotations,
but they can move axially with respect to each
other; the engagement between the two con-
stant mesh gears (127) and the transmission
shaft is via a bearing joint, the shifting push lever
(128) is coupled to the two mobile tooth-and-
groove discs (129) via the thrusting bearing, re-
spectively; alternatively: the returning manner
of such SSs can employ "an electromagnetic
driving manner"; or: the SSs used in the SS wob-
ble-plate can be the SSs of a segment shape in
section or sliding-needles; or the design of al-
ternative and dense arrangement of the fill SS
groups and the support SSs;
a SS clutch of a radial coupling type: comprises
a coupling sleeve (133) with teeth and grooves
on the inner loop, and a SS grooved wheel (134),
the upper portion of such a SS is in the form of
an arc, allowing for a natural transition when be-
ing inserted; after being inserted, the coupling
sleeve and the SS grooved wheel can perform
infinitely meshing; the design can also be em-
ployed thus that the fill SS groups and the sup-
port SS groups are disposed alternately and
densely;
a SS clutch of a conic surface coupling type:
comprises a SS conic disc (135) and a coupling
sleeve (136) for a tooth-and-groove conic disc;
after the SS conic disc is coupled to the coupling
sleeve for a tooth-and-groove conic disc, the
SSs return under the effect of centrifugal forces
and mesh with the tooth-and-groove conic disc
so as to implement the engagement of the
clutch;
an overrunning clutch of a SS type: comprises
SSs, a SS grooved wheel (134), and a planet
wheel outer loop (140); in operation, the planet
wheel outer loop (140) rotates in a reciprocating
manner, the SSs return under the effect of cen-
trifugal force and so mesh with the single-direc-
tion teeth and grooves of the planet wheel outer
loop, so as to transmit the torque to the SS
grooved wheel (134) and rotate it, in addition,
the oil lubrication via a centrifugal pump can be
employed;
alternatively: the SSs and the blocking grooves
can take a radiating form, the cross sections of

the SSs can be of a segment shape; the type in
which the SSs are densely arranged throughout
the ring can be employed; or a spaced type can
be employed; in such a mechanism, the SSs are
constrained by the planet wheel outer loop,
therefore the SSs do not need stop legs; alter-
natively: the "progressive differential principle"
can be considered when the distances and the
number of the single-direction teeth and grooves
of the planet wheel and the SS tooth-and-groove
wheel are designed as a whole; the load capac-
ity can be improved by increasing the width and
the thickness of the SSs of the clutch; "the self-
locking property" can be utilized to design the
teeth and grooves of the planet wheel outer loop
to improve the performance of infinitely meshing
and the like ;
alternatively: a Mode A transmission comprises
a Mode A main wheel body (I), a Mode A main
wheel body (II), a Mode A assistant wheel body,
Mode A support SSs, and Mode A SSs and the
like;
alternatively: a Mode B transmission comprises
a Mode B main wheel body, a Mode B assistant
wheel body, Mode B SSs, a nut fork, and a speed
adjustment guiding sleeve;
a CVT of a type in which steel needles and steel
sheets mesh, the infinitely meshing is imple-
mented by interposing the steel needles (211)
and steel sheets (212) into each other; the steel
needles (211) are disposed throughout the inner
side of the belt, and the transversely arranged
steel sheets are disposed throughout the outer
side of the wheel, the infinitely meshing is im-
plemented by interposing the steel needles and
steel sheets into each other;
an infinitely meshing transmission with fluid de-
formable at a fixed volume, its infinitely meshing
device unit is a deformable meshing unit (213)
which is closely filled with fluid and has a fixed
volume, the infinitely meshing is implemented
by meshing with the inner teeth of the driving
belt (151) through the deformable property of
the fluid at a constant volume, or such fluid is "a
magnetorheological fluid";
a CVT of an operation separated and effect com-
bined type, characterized in that: two pairs of
conic discs sandwich therebetween a driving
belt with convex and concave meshing teeth on
the inner side; a number of infinitely meshing
device units that can perform infinitely changing
radius in synchronization with the driving belt
are coaxially disposed in the opposing inner
space between the two conic discs, the infinitely
meshing device unit comprises a unit carrier and
a meshing body; the meshing body meshs with
the convex and concave meshing teeth on the
inner side of the driving belt so as to implement

95 96 



EP 1 811 205 A1

50

5

10

15

20

25

30

35

40

45

50

55

transmission via infinitely meshing; the meshing
body of the infinitely meshing device unit can be
a SS variable-tooth meshing device, a magne-
torheological fluid/electrorheological fluid mesh-
ing device, an infinitely meshing device via a
worm/worm rack, an infinitely meshing device
via skidding blocks; and its driving belt can be a
flexible driving belt with teeth on the inner side,
and can also be a flexible driving chain with teeth
on the inner side.

4. The infinitely meshing variable-tooth gear with SSFT
according to claim 3, characterized in that,

a transmission of a SS variable-teeth meshing
type: its infinitely meshing device unit comprises
the meshing unit carrier (155) and a SS group
consisting of several SSs (including sliding-
blocks); the SS group infinitely meshes with the
driving belt (151) to transmit power; an idler
wheel (152) embodied as a double-wheel, a sin-
gle wheel or a drum-like wheel can be provided
on the beam for a SS holder, the idler wheel(s)
cooperates with the radial rail (146), there are
provided stop seats (153) for SS holders and
returning springs (154) under the SS groups, the
returning spring being classified into a flat spring
and a corrugated spring, there can be provided
a rolling bearing or a sliding bearing between
the idler wheel and the rotation shaft, or even
the sliding motion is implemented directly by lu-
bricating contacts without providing the idler
wheel; on the conic disc (147) are provided sev-
eral radial rails (146) which match the orientation
of the generatrix of the conic disc, these rails
cooperate with the idler wheels on the respective
meshing unit carrier (155) so as to form a trans-
lation pair coupling; the driving belt operates at
a stable radial position and implements, togeth-
er with the meshing body, i.e., the SS groups of
the meshing device unit, infinitely meshing; a
sliding-block can be add to a SS group , if the
direction of the force acting upon the SSs is to
the left, the sliding-block should be installed at
the left side, and vice versa, if the SSs are acted
by forces in two directions under rotation, then
one sliding-block should be installed at either
side thereof; alternatively, the CVT employs a
metal pressing belt having teeth at the inner side
thereof, this metal pressing belt comprises metal
rings (159), metal blocks of a fill type (160), and
metal blocks of a meshing type (161), the metal
blocks of a fill type and the metal blocks of a
meshing type are alternately superposed to form
a metal belt with teeth on its inner side; alterna-
tively: the driving belt can be a synchronous met-
al belt of a hole-meshing type, the whole driving
belt is constructed by closely superposing mul-

tiple layers of metal rings with holes therein, all
holes corresponding one by one so as to form
rectangular holes for SSs to insert therethrough,
in operation, the SSs mesh with the rectangular
holes so as to implement transmission; alterna-
tively, the radial constraining rail of the infinitely
meshing device unit 148 is as follows; the whole
interior of the conic disc is excavated such that
the outer wall surface (164) and the inner wall
surface (165) of the conic disc become conic
surfaces similar in orientations, several sliding
grooves (166) are notched on the conic surface
along its generatrix; alternatively: the radial rail
is a cylindrical guiding groove (168), corre-
sponding cooperation between the meshing de-
vice unit and the cylindrical guiding groove em-
ploys a cylindrical rolling translation pair (167);
it is also possible to provide a stretching spring
(163); alternatively: the contact angle between
the SSs and the surfaces of the meshing tooth
is less than the equivalent friction angle, a wear-
able adhesive layer (190) can be provided on
the surfaces of the meshing teeth of the driving
belt, a wearable metal paste block with high
hardness or a coating of wearable material can
be adhered, or the belt base can directly under-
go hardening treatment;
a device to eliminate the gaps between the metal
blocks on the slack side of the metal belt com-
prises: an urging wheel (172), a small gear
(173), a driving wheel (174), a large gear (175),
and a clamping mechanism (176); the urging
wheel and the driving wheel are both pressed
firmly onto both sides of the metal belt (a pres-
sure belt) (170), the urging wheel is fixedly cou-
pled to the small gear, the driving wheel is fixedly
coupled to the large gear, and the small gear
and the large gear maintain meshing transmis-
sion; alternatively: a motor can be employed to
directly drive the urging wheel (172); alternative-
ly: the manner of directly impacting via a gas
flow or fluid flow of high speed can also be em-
ployed to urge the metal blocks to accelerate so
as to eliminate gaps therebetween;
a magnetorheological/electrorheological fluid
CVT: its infinitely meshing device unit is "a mag-
netorheological/electrorheological fluid" mesh-
ing device, the meshing body is a magnetorhe-
ological/electrorheological fluid infinitely mesh-
ing body 177, at the instance before meshing,
there is no magnetic field, "magnetorheological
fluid" takes a liquid form, so it can sufficiently
deform in accordance with the current meshing
tooth profiles, when a magnetic field is applied
after meshing, the magnetorheological fluid will
immediately assume a solid state and become
a solid tooth profile with which it meshes, and
the magnetic field is removed after the meshing
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is released, so the magnetorheological fluid as-
sumes the liquid state again; alternatively: "the
magnetorheological fluid" and "the electrorheo-
logical fluid" mix and combine with the SS
groups, the SSs, when under the effect of forces,
mix with the magnetorheological fluid, at the dy-
namic instance when the SSs come into mesh-
ing, the magnetorheological fluid which mixes
with the SSs assumes a liquid state, so the SSs
can smoothly slide and deform, and once the
SSs assume a complete meshing state and stop
sliding, the magnetorheological fluid mixing
therewith assumes a solid state and integrates
firmly with the SSs so as to form a fixed tooth
profiles;
alternatively: a magnetorheological/electrorhe-
ological fluid CVT comprises a driving belt/chain
(180) containing magnetorheological/electror-
heological fluids on the inner side thereof, mesh-
ing bodies (178) with fixed tooth profiles, and a
conic disc, magnetorheological/electrorheolog-
ical fluids are provided on the inner side of the
driving belt base, in other words, the meshing
bodies of the infinitely meshing device unit are
of fixed tooth profiles, and the tooth profiles of
the magnetorheological fluids or electrorheolog-
ical fluids on the inner side of the belt base
change according to the deformation of the tooth
profiles of the meshing bodies (178) so as to
implement infinitely meshing;
alternatively: a magnetorheological/electrorhe-
ological fluid CVT comprises: a member capable
of infinitely varying radius via magnetorheolog-
ical/electrorheological fluids (181), bodies (177)
capable of infinitely meshing via electrorheolog-
ical fluids, and a soft cavity for magnetorheolog-
ical/electrorheological fluids (179); the process-
es of the infinitely radius-varying and infinitely
meshing are implemented by magnetorheolog-
ical/electrorheological fluids, the process of the
infinitely radius-varying is implemented by infi-
nitely changing the volume of soft cavity (179)
for magnetorheological/electrorheological fluids
and by "liquefied deforming" of the magnetorhe-
ological/electrorheological fluids, once the proc-
ess of the radius-varying completes, the mag-
netorheological/electrorheological fluids then
solidify and the radius is fixed, so as to construct
the cylinder capable of infinitely radius-varying;
the process of infinitely meshing is conducted
by several bodies capable of infinitely meshing
via electrorheological fluids (177) on the outer
circumference and the driving belt (151);
alternatively: the "magnetorheological fluids"
can be packed into a soft bag to mesh with the
fixed teeth, and the fixed teeth for meshing can
be manufactured into an arc shape;
alternatively: the magnetorheological fluids can

also directly adhere to the surface of the smooth
belt, and mesh with the friction surface conic disc
with large roughness to implement transmis-
sion; alternatively: the driving belt is a driving
belt with teeth on both sides, and magnetorhe-
ological/electrorheological fluids are provided
on the conic surface of the conic disc; alterna-
tively: the magnetorheological/electrorheologi-
cal fluids are provided on the side surfaces of
the driving belt, and the corresponding conic sur-
face of the conic disc is provided with convex
teeth and concave grooves, at the dynamic in-
stances of coming into meshing and releasing
from meshing, the magnetorheological/electror-
heological fluids "liquefy", while in other regions
they are in a "solidified" solid state;
a rack CVT with a worm/worm rack: its infinitely
meshing device unit employs a meshing device
operating in "a manner of infinitely meshing via
a worm/worm rack", and can be of a "worm and
worm rack meshing" type, a driving belt/chain in
a worm rack toothed shape (183), the worm
(182) infinitely meshes with the driving belt/
chain in a worm rack toothed shape (183) under
the driving of a controller (184) to transmit pow-
er; or it can be of a type in which two worms
racks mesh, the worm rack (185) translates and
infinitely meshes with the driving belt/chain in a
worm rack toothed shape (183) under the driving
of the controller (184);
an infinitely meshing transmission with sliding-
blocks: its infinitely meshing device unit is a "slid-
ing-block infinitely meshing" device, the tooth
profiles on the inner side of the sliding meshing
triangular toothed belt, a chain (186) whose tri-
angular teeth at the inner side meshes through
sliding, capable of meshing via sliding with the
tapered tooth blocks (187) by automatically find-
ing the meshing points through mechanical slid-
ing, the tapered tooth blocks (187) moves in the
trails (189), in x direction, they can return via
centrifugal forces; in y direction, they are self-
locked, in operation, the tapered tooth blocks
can freely return in x direction until they reach
the optimal meshing end of the triangular-tooth
driving belt capable of meshing via sliding (186)
so as to mesh sufficiently with the surfaces of
the triangular teeth; they are self-locked in y di-
rection, by juxtaposing and operating two types
of tapered tooth blocks, denoted by (a) and (b),
which are orientated along complementary rails,
it is realized thus that the infinitely meshing de-
vice unit can infinitely mesh with the triangular-
tooth driving belt capable of meshing via sliding
(186) at any point in the regions that the tooth
blocks can slide;
a CVT with a variable-tooth gear capable of ra-
dius varying, the variable-tooth gear capable of
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radius varying is composed of a plurality of infi-
nitely meshing device units (148), the infinitely
meshing device units can synchronously move
in the radial direction along their respective ra-
dial sliding trail (123), respectively;
alternatively: the infinitely meshing device units
(148) mesh with an internal gear ring (191), or:
the infinitely meshing device units (148) mesh
with an external gear ring (192); or: a variable-
tooth cylindrical gear meshes with external
meshing tooth segments (193);
a conic disc without a physic spindle in the inner
side, with no transmission shaft between the two
conic discs, the infinitely meshing device unit
can move into a region of a smaller radius;
alternatively: the carrier for the infinitely meshing
device unit is a flexible carrier for the infinitely
meshing device unit, the carrier for the meshing
unit employs a flexible, a pliable structure, the
carrier of the meshing unit is attached to the
teeth on the inner side of the belt so as to suffi-
ciently mesh therewith, and its curvature can
completely coincide with that of the inner side
of the belt;
a transmission of a type without a centrifugal
pressing effect, the radial motion of the meshing
device unit is controlled by a radial synchroni-
zation controller (196), in operation, the centrif-
ugal force poses no centrifugal pressing effect
onto the conic disc (147), and it suffices to notch
radial through grooves on the conic disc (147),
its radial synchronization controller (196) can
employ a screw nut structure, the nut (198) is
coupled to the meshing device units (148), and
the synchronous motions of respective meshing
device units (148) in the radial direction are
achieved by synchronously controlling the rota-
tion angles of respective screws;
alternatively: in the radial synchronization con-
troller, each infinitely meshing device unit (148)
comes into contact with the inner conic surface
of a recessed conic disc (199) via idler wheels
(152), and the synchronous motions of respec-
tive meshing device units (148) in the radial di-
rection are achieved by controlling the distance
of the recessed conic discs (199) on both sides;
alternatively: the motion trajectories of the infi-
nitely meshing device units (148) are subject to
the constraint of a respective corresponding spi-
ral rail with variable radius (201) on a radius-
varying rotary disc (200), and the radius-varying
rotary disc (200) implements the synchronous
motions of respective meshing device units
(148) in the radial direction;
alternatively: the infinitely meshing device units
(148) are coupled to the radius-varying rotary
disc (200) via a linkage mechanism, or a two-
rod linkage mechanism is employed; the syn-

chronous motions of respective meshing device
units 148 in the radial direction are realized by
rotating the radius-varying rotary disc (200);
alternatively: the rotation angle of the radius-var-
ying rotary disc (200) is automatically monitored
in real-time by a hydraulic or mechanic manner;
alternatively: any one of the infinitely meshing
device units is constrained by a trajectory of the
idler wheel, the coupling constraints among all
meshing device units are conducted by a syn-
chronous radial motion mechanism so as to re-
alize radius varying synchronously and equally;
alternatively: the infinitely meshing device units
(148) can be directly inserted into the conic body
to transmit torque without being providing with
any assistant constraining devices, the T-
shaped groove of the trajectory of the idler wheel
is changed to a rectangular groove to cooperate
with the infinitely meshing device units, the ra-
dius is varied freely in the radial direction, the
driving belt (151) directly imposes a slave radial
dimension constraint on the respective meshing
device units (148), and all the infinitely meshing
device units on the same conic disc should be
coupled to each other by a synchronous radial
motion mechanism such that all infinitely mesh-
ing device units move in the radial direction syn-
chronously,
alternatively: the synchronous constraint in the
radial direction can be implemented by coupling
the linkage mechanism to the radius-varying ro-
tary disc (200), or: the screw and nut structure
which is not self-locking in either direction is em-
ployed, and all screw nuts move synchronously
through the joint of the conic gear mechanism
(203) so as to implement the synchronous radial
constraints;
alternatively: the infinitely meshing device unit
implements synchronous radius-varying
through the control of the radius-varying rotary
disc (200) and the linkage mechanism (202); it
is not necessary to notch radial rail grooves on
the conic disc (147), or rectangular grooves are
provided on the conic disc (147) to cooperate
with the infinitely meshing device unit,
a transmission of the type containing a central
guiding and constraining disc, a central guiding
and constraining disc (204) is disposed between
the two conic discs (147) so as to transmit tor-
ques and guide in the radial direction, the central
guiding and constraining disc (204) is of a flat
disc type or a double-sided conic disc type, or:
a radial synchronization controller is provided in
the center of the central guiding and constraining
disc (204);
alternatively: a separating device via electro-
magnetic traction is provided, and the conic disc
combined by split parts is employed, comprising
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an inner conic disc (147) and an outer conic disc
casing (205) with a predetermined axial spacing
therebetween, and an electromagnetic sucking
disc (206) is provided in the inner conic disc
(147) and/or an outer conic disc casing (205),
or: the electromagnetic sucking disc is replaced
with a hydraulic or pneumatic device;
an electromagnetic traction controller for seating
SSs, wherein stop bars against returning and
seating of SSs (207) is controlled by the elec-
tromagnetic forces of the electromagnetic suck-
ing disc (206);
alternatively: a mechanic traction controller for
seating SSs, a seating control disc (209) is ro-
tated, and a cam (208) is entrained by the idler
wheel (152) mechanism to rotate, and the stop
bars against returning and seating of SSs (207)
are hence urged to move, so as to seat the SSs
to achieve the separation of the SSs from the
inner meshing teeth of the driving belt;
a driving belt with single-direction meshing
teeth, the inner meshing teeth are divided into
two halves, each half region is designed to be a
single-direction tooth surface;
a CVT with a meshing type steel ring, comprises
a steel ring with meshing teeth on the inner side
(210) and the corresponding conic disc.

5. The infinitely meshing variable-tooth gear with SSFT
according to claim 3, characterized in that: the
tooth-and-groove wheel is classified into a flat disc
type and a conic disc type, its working disc surface
comprises convex teeth and concave grooves; its
groove pattern is: a single tooth pattern in the form
of radiating in radial direction, an arrangement equiv-
alent in the interval density of teeth and grooves, a
type of being knurled throughout a disc, a type with
a uniform array of protuberances throughout the disc
surface, a type with a uniform array of dimples
throughout the disc surface, a specialized type for
the bevel SS variable-tooth gear, a tooth-and-groove
disc type for stepped transmission, a type where the
tooth-and-groove pattern is optimized for each seg-
ment and for each step, a type where the shuttle-
shaped teeth are alternately arranged in the radial
direction, or a type where the shuttle-shaped teeth
are uniformly arranged in the radial direction;

said meshing ring with teeth and grooves is: a
conic type or a cylindrical type; wherein, the con-
ic tooth ring can be classified into: a conic tooth
ring meshing at the inner and outer sides, a conic
tooth ring meshing at the inner side, and a conic
tooth ring meshing at the outer side; the cylin-
drical tooth ring can be classified into: a cylin-
drical tooth ring meshing at the inner side, a cy-
lindrical tooth ring meshing at the inner and outer
sides, and a cylindrical tooth ring meshing at the

outer side.

6. The infinitely meshing variable-tooth gear with SSFT
according to claims 1, 2 or 3, characterized in that:
said SSs are SSs specialized for the variable-tooth
cylindrical gear, SSs specialized for the variable-
tooth conic gear that are of "the type in which one
side works independently", SSs specialized for the
variable-tooth conic gear that are of "the type in
which both sides work integrally", SSs specialized
for the SS variable-tooth conic gear with of a small
taper, SSs specialized for the variable-tooth gear of
the rotary shaft roller gear CVTs, SSs specialized
for the variable-tooth gear of returning in an oblique
direction type, SSs specialized for the SS tension
driving belt, or SSs of the returning via elastic force
type, all of them include support SSs, fill SSs, the
support SSs contact the wall of the wheel body holder
to receive forces, and the fill SSs contact the support
SSs to receive forces, being classified into an outside
support type, an outside interaction crossing support
type, a central support type, a central interaction
crossing support type, an outside and central double
support type, and an outside and central interaction
crossing support type; the SSs can also be circular
SSs; the working surfaces of the SSs can be of an
arc shape, and the working surfaces can be further
decreased so as to form "a local force-receiving zone
in an arc shape", the arc-shaped profile of the work-
ing surfaces can be modified to a linear profile; a
thick SS can be added to each end of the SS group,
the stop legs of the fill SSs can be as long as those
of the support SSs, and they can have one or two
stop legs;

cross sections of the SSs can be cross sections
of the same thickness or be of a segment shape,
or be cross sections of different shapes; the
shapes of the cross sections of the contact re-
gions between the SSs and the teeth and
grooves can be: a single slant, double slants,
circular surfaces, the contact section angle θ
thereof can coincide with the slanting angle of
the wall surfaces of the teeth and grooves;
the constraining device for the SSs can be stop
legs for SSs (25) and an outer constraining ring
(23), wherein there can be one or two stop legs
for a SS; the stop leg for a SS can be of a convex
type or a concave type, alternatively, a con-
straining ring, string or rod can be inserted
through a hole which is punched in the SS to
carry out constraining;
there can be one or two stop legs for a SS; the
stop leg for a SS can be of a convex type or a
concave type, alternatively, a constraining ring,
string or rod can be inserted through a hole
which is punched in the SS to carry out con-
straining, or the constraining is implemented by
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the outer constraining ring (23),
the SSs of returning via elastic force type in-
clude: Mode A fill SSs of returning via elastic
force type, Mode A support SSs of returning via
elastic force type, Mode B support SSs of re-
turning via elastic force type, Mode B fill SSs of
returning via elastic force type; the meshing sur-
faces on both sides of the SSs can be made into
an arc shape or a rectangular shape; or: the re-
turning of the SSs of the SS wheel can take a
free returning manner, the SSs of returning via
elastic force type are divided into two halves,
and a returning spring wire (109) is interposed
therebetween, so as to implement returning via
spring forces; or injecting gas flow or liquid flow
through a gas flow hole (110) to realize the re-
turning type via flow impact forces; or: an elec-
tromagnetic traction device is disposed on the
conic disc tooth-and-groove wheel or at posi-
tions of equivalent effect, the returning type via
electromagnetic forces can be realized in such
a way that SSs on the SS wheel are electromag-
netically attracted or repelled by electromagnet-
ic traction forces; the stop legs for the SSs can
be provided at the middle of the SSs, and the
SSs can have one or two stop legs;
alternatively: the SSs of returning via spring
force type can be provided with returning spring
wires arranged at the end thereof, the returning
trajectories of the SSs can be a type of returning
in translation, or a type of returning in rotation;
or: a flat spring, or a corrugated spring can be
disposed on the bottom of the SSs;
alternatively: the SSs of a type of supporting on
one side can also be employed, its correspond-
ing variable-tooth gear body is a gear body (144)
without a stop boss, which is superposed with a
gear body having a stop boss to constrain and
position the SSs;
alternatively: the SSs can be disposed as a nee-
dle shape or a block shape; and the cross sec-
tion of the needle shape can be circular or rec-
tangular.

7. The infinitely meshing variable-tooth gear with SSFT
according to claims 1, 2 or 3, characterized in that:
the force direction when transmitting power is per-
pendicular to the free-sliding direction, or the angle
therebetween is within the equivalent friction angle,
the SS possesses self-locking property; the principle
of "self-locking meshing property" is employed to de-
sign the SSs in meshing;

the arrangement principle of the meshing points
of said SSs and the tooth-and-groove wheel em-
ploys "the progressive toothwise differential
principle".

8. An infinitely meshing variable-tooth rack with SSFT,
characterized in that: the infinitely meshing varia-
ble-tooth rack with SSFT comprises a variable-tooth
rack body and a plurality of sliding-teeth built in the
rack body; wherein, the SSs can move in the varia-
ble-tooth rack body due to returning forces, and the
SSs protrude out of the opposing contour surfaces
on the variable-tooth rack body so as to form tooth
profiles of any shape.

9. The infinitely meshing variable-tooth rack with SSFT
according to claim 8, characterized in that: said
variable-tooth rack body is a rigid variable-tooth rack
body or a flexible variable-tooth rack body, said var-
iable-tooth rack body is: a velocity-locking block with
SSs disposed therein, or a velocity-locking block with
sliding-needles disposed therein; and said flexible
variable-tooth rack is: a SS tension driving belt;

wherein, a velocity-locking block (138) having
SSs mounted therein can be clipped by two sym-
metrically arranged traction belts (137) whose
meshing convex teeth and concave grooves op-
pose, whereby non-frictional meshing transmis-
sion is achieved by means of the meshing teeth
and grooves of the two traction belts with regard
to the returning process via elastic force of the
sliding-sleets;
wherein, the SS tension driving belt is composed
of two sets of split metal rings with convex and
concave grooves clipping from the opposite di-
rections a series of support metal sheets and fill
metal sheets arranged at intervals, each set of
the metal rings is configured by superposing
several metal rings with convex and concave
grooves, the recessed shoulders of the support
metal sheets and the fill metal sheets are differ-
ent and engaged with the convex and concave
grooves of the split metal ring (82), a predeter-
mined play is provided between the recessed
shoulders of the metal sheets and the meshing
grooves of the metal rings; the shapes of the
metal SSs are classified into Mode A and Mode
B, including metal SSs (80, 81, 85, 86); to pre-
vent the distance between every two sets of the
metal rings from changing, they are fixedly cou-
pled to each other by a coupling body (83) for
the metal belts;
alternatively: the SS tension driving belt com-
prises a metal ring (87) with a positioning groove
in the middle, Mode C support metal sheets (88)
and Mode C fill metal sheets (89), there are sev-
eral metal rings (87) with a positioning groove
in the middle superposed in the upper and lower
portions of the metal sheets so as to constrain
the SSs, a predetermined play is provided be-
tween the support SSs and the positioning
grooves of the metal rings so as to allow for the
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metal sheets to slide transversely when the SS
belt meshes with the tooth-and-groove wheel;
alternatively: the SS tension driving belt com-
prises metal rings (90) with convex-concave
grooves on both sides, Mode D fill metal sheets
(91), Mode D support metal sheets (92), the sev-
eral metal rings (90) are superposed in the upper
and lower portions of the metal sheets so as to
constrain the SSs, a predetermined play is also
provided between the SSs and the convex-con-
cave grooves of the metal rings so as to allow
for the metal sheets to slide transversely when
the SS belt meshes with the tooth-and-groove
wheel;
alternatively: the SS holders can be of a circular
shape, a rectangular shape, or a sector shape;
said infinitely meshing variable-tooth rack with
SSFT meshes with a tooth-and-groove boss, the
working surface of the tooth-and-groove boss
comprises teeth and grooves; and the tooth-
and-groove boss is classified into a rigid tooth-
and-groove boss, and a flexible tooth-and-
groove boss;
wherein, the flexible tooth-and-groove boss is a
traction belt containing meshing convex teeth
and concave grooves, or a tooth-and-groove
driving belt of a tooth meshing type, this driving
belt is classified into a pressing belt, and a ten-
sion belt;
the tension belt includes: being composed of a
belt base (65), an enforced layer (66), and mesh-
ing support blocks (64); the transmission via
meshing of convex teeth and concave grooves
is realized by arranging the meshing support
blocks (64) at intervals, the meshing support
blocks can be arranged at regular intervals or at
irregular intervals; alternatively, a plate-and-pin
chain of meshing type: meshing blocks (78) are
provided on chain pins (76) or chain plates (77),
meshing blocks can be provided on the chain
pins (76) or chain plates (77), or: meshing blocks
can be provided on both the chain pins (76) and
the chain plates (77); or: the metal ring driving
belt: being configured by superposing a plurality
of metal rings with convex teeth and concave
grooves on both sides, in a manner of one cor-
responding to another; alternatively, Mode B
driving belt; the belt base is made of non-metal
materials, its enforced layer be enforced with
steel strings or nylon strings, etc., the two sides
are wearable wall surfaces, and are made into
a shape of meshing convex teeth and concave
grooves, in addition, its transverse convex and
concave tooth profiles can extend all the way
through the whole belt base; alternatively: the
prior art belt or chain is refitted, and the working
side surface of the belt or chain is a convex tooth
and concave groove capable of meshing with

the SSs;
the pressing belt includes: a metal belt of the
meshing type, a metal belt with meshing convex
teeth and concave grooves configured by alter-
nately combining metal rings and wide, narrow
metal blocks; or: a metal belt configured by firstly
composing a wide metal block group from wide
metal blocks and a narrow metal block group
from narrow metal blocks and then alternately
combining the wide metal block group with the
narrow metal block group; or: the narrow metal
blocks can employ "a cross section of an arc
shape", the regions of both sides of the wide
metal blocks that participate in meshing can be
provided with slant surfaces, whereby the con-
tinuously variable transmission performance is
basically improved by means of the self-locking
meshing property; alternatively: the wide, nar-
row metal blocks can be replaced with "concave
metal blocks" and "convex metal blocks" of the
flexible metal belt for the transmission with var-
iable-tooth conic gear of a small taper.

10. The infinitely meshing variable-tooth rack with SSFT
according to claims 8 or 9, characterized in that:
said SSs are SSs specialized for the variable-tooth
cylindrical gear, SSs specialized for the variable-
tooth conic gear that is of "the type in which one side
works independently", SSs specialized for the vari-
able-tooth conic gear that is of "the type in which
both sides work integrally", SSs specialized for the
SS variable-tooth conic gear with a small taper, SSs
specialized for the variable-tooth gear of the rotary
shaft roller gear CVTs, SSs specialized for the var-
iable-tooth gear of returning in an oblique direction
type, SSs specialized for the SS tension driving belt,
or SSs of the returning via elastic force type, all of
them include support SSs, fill SSs, the support SSs
contact the wall of the wheel body holder to receive
forces, and the fill SSs contact the support SSs to
receive forces, being classified into an outside sup-
port type, an outside interaction crossing support
type, a central support type, a central interaction
crossing support type, an outside and central double
support type, and an outside and central interaction
crossing support type; the SSs can also be circular
SSs; the working surfaces of the SSs can be of an
arc shape, and the working surface can be further
decreased so as to form "a local force-receiving zone
in an arc shape", the arc-shaped profile of the work-
ing surface can be modified to a linear profile; a thick
SS can be added to each end of the SS group, and
the stop legs of the fill SSs can be as long as those
of the support SSs, they can have one or two stop
legs;

cross sections of the SSs can be cross sections
of the same thickness or be of a segment shape,
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or be cross sections of different shapes; the
cross section shapes of the contact regions of
the SSs and the teeth and grooves can be: a
single slant, double slants, circular surfaces, the
contact section angle θ can coincide with the
slanting angle of the wall surfaces of the teeth
and grooves;
the constraining device for the SSs can be stop
legs for SSs (25), and an outer constraining ring
(23), wherein there can be one or two stop legs
for a SS; the stop leg for a SS can be of a convex
type or a concave type, alternatively, a con-
straining ring, string or rod can be inserted
through a hole which is punched in the SS to
carry out constraining;
there can be one or two stop legs for a SS; the
stop leg for a SS can be of a convex type or a
concave type, alternatively, a constraining ring,
string or rod may be inserted through a hole
which is punched in the SS to carry out con-
straining, or constraining is implemented by the
outer constraining ring (23),
the SSs of returning via elastic force type in-
clude: Mode A fill SSs of returning via elastic
force type, Mode A support SSs of returning via
elastic force type, Mode B support SSs of re-
turning via elastic force type, Mode B fill SSs of
returning via elastic force type; the meshing sur-
faces on both sides of the SSs can be made into
an arc shape or a rectangular shape; or: the re-
turning of the SSs of the SS wheel can take a
free returning manner, the SSs of returning via
elastic force type are divided into two halves,
and a returning spring wire (109) is interposed
therebetween, so as to implement returning via
spring forces; or injecting gas flow or liquid flow
through a gas flow hole (110) to realize the re-
turning type via flow impact forces ; or: an elec-
tromagnetic traction device is disposed on the
conic disc tooth-and-groove wheel or at posi-
tions of equivalent effect, the returning type via
electromagnetic forces can be realized in such
a way that SSs on the SS wheel are electromag-
netically attracted or repelled by electromagnet-
ic traction forces; the stop legs for the SSs can
be provided at the middle of the SSs, and the
SSs can have one or two stop legs;
alternatively: the SSs of returning via spring
force type can have returning spring wires ar-
ranged at the end thereof, the returning trajec-
tories of the SSs can be of a type of returning in
translation, or a type of returning in rotation; or:
a flat spring, or a corrugated spring can be dis-
posed on the bottom of the SSs;
alternatively: the SSs of a type of supporting on
one side can also be employed, its correspond-
ing variable-tooth gear body is a gear body (144)
without a stop boss, which is superposed with a

gear body having a stop boss to constrain and
position the SSs;
alternatively: the SSs can be disposed as a nee-
dle shape or a block shape; and the cross sec-
tion of the needle shape can be circular or rec-
tangular,
the arrangement principle of the meshing points
of said SS variable-tooth rack and the tooth-and-
groove boss employs "the progressive tooth-
wise differential principle".
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